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CHAPTER-1 
INTRODUCTION 
India ranks third in production of oilseed crops in tlie world. The 
most important oilseed crops cultivated across the country are groundnut, 
castor, rapeseed-mustard, soybean, sunflower, safflower and sesamum. 
The oilseed production increased from 5mt in 1950 to 21.5 mt in 1995. 
The total area under the oilseed crops is about 17 million hectares, which 
accounts approximately 11% of the total cultivated area of the Indian sub-
continent. The total annual production of oilseeds is about 11 million 
tons, accounting for about 10% of India's agricultural economy. 
Castor {Ricinus communis L.) is the most important non- edible oil 
seed crop of arid and semi arid regions of India. It belongs to the family 
Euphorbiaceae. Its seed is the castor bean which depicts its name, is not a 
true bean. It is wide spread throughout tropical regions. Castor seed is the 
source of castor oil, which has a wide variety of uses. The seeds contain 
between 40-60% oil that is rich in triglycerides, mainly, ricinolien. The 
seed contains ricin, a toxin, which is also present in lower concentration 
throughout the plant. Castor oil finds its application in the manufacture of 
wide range of ever expanding industrial products such as nylon, fibers, jet 
engine lubricants, dyes, detergent soaps, ointments, greases, paints, 
varnishes, cosmetics and perfumes etc. Castor is mostly cultivated in 
Brazil, India, Russia, and Argentina. India ranks first in castor production 
covering about 5.7 mt of castor. 
Soil is a complex system supporting a wide variety of soil fauna 
and flora such as nematodes, fungi, bacteria, viruses, insects and protozoa 
etc. including liiglier plants which are primary producers. Under such 
ecological conditions, it is not unnatural that naturally occurring micro-
organisms (i.e., primary and secondary consumers) interact with each 
other primarily because of their competition for food and space and thus 
providing an opportunity to show various types of interactions such as 
Neutralism, Amensalism, Competition, Parasitism, Predation, 
Commensal ism, Proto-cooperation, and Mutualism. Neutralism describes 
the relationship between two species which interact but do not affect each 
other. It describes interactions where the fitness of one species has 
absolutely no effect whatsoever on that of the other. Amensalism is a 
kind of negative interaction between two species which involves one 
impeding or restricting the success of the other while the other species 
has no effect on it. Parasitism is also a kind of negative interaction 
between organisms of different species where one organism, the parasite, 
is benefited at the expense of the host. Predation describes a biological 
interaction where a predator (an organism that is hunting) feeds on its 
prey (the organism that is attacked). Predation may or may not kill their 
prey prior to feeding on them, but the act of predation always results in 
the death of its prey and eventually absorption of the prey's tissue 
through consumption. Competition is an interaction between individuals 
or populations that is mutually detrimental. Commensalism is a one-way 
relationship between two organisms. In this type of association, only one 
organism is stimulated by the presence of the other and inhibited by its 
absence, whereas the other, or host, is unaffected. Common examples of 
commensalism are those in which the host organism serves as a surface 
for attachment and support or as means of shelter for the other organism 
without itself being affected. Mutualism is an obligatory relationship 
where benefits gained by each partner in the association, link them into 
mutual, physiological interdependence. In the event that one partner is 
absent, all suffer or in some cases can not even exist as free living 
organisms. Proto-cooperation is a type of association where both 
organisms are stimulated by the association but remain unaffected by its 
absence. Symbiosis is another term used for positive interactions. It is 
defined as the permanent intimate association of two dissimilar organisms 
and commonly describes close and often long-term interactions between 
different biological species. It is often equated with mutualism. 
Plant-parasitic nematodes are found in all agricultural regions of 
the world and any crop is likely to suffer damage from these parasites. 
Nematodes cause diverse damage in plants, depending on their feeding 
habit. Most of them attack roots and different nematodes may attack the 
same plant. They may also be additive to other stress factors and can 
induce pre-disposition of their hosts, to get attacked by other pathogens, 
such as fungi and bacteria. 
The effect of nematode infection is manifested in the form of a 
general reduction in plant growth. In addition, they also cause excessive 
root branching, cessation of root elongation and retardation of root 
growth. Damage by nematode feedings on above ground plant parts is 
greatest in green house and other situation of physical factors of 
environment. Discoloration of foliage, twisted leaves and distorted shoots 
are also indicative of nematode infection. 
No accurate estimates are available of the total impact of nematode 
damage to the world's food crops, but in the USA alone the total annual 
loss from all crops due to diseases exceeds $2 billion, part of which can 
be attributed both directly and indirectly to nematode action. In cotton 
alone, losses resulting from nematodes are estimated at more than $53 
annually. In 1971, the society of nematologists estimated that average 
losses caused by plant parasitic nematodes were about 10%. Lambarti, 
(1979) observed that 50% of fruit yield was suppressed in tomato plants 
due to Meloidogyne incognita. Sasser, (1979) reported that in tropical 
areas, the root-knot nematodes caused an estimated loss of 24% in potato 
crops. 
Various genera of phytoparasitic nematodes have evolved intimate 
relationship with their hosts by the development of specialized feeding 
sites within plant tissues. The long-term nature of the interaction between 
the nematodes and the feeding cells has led in most cases to a loss of 
nematode mobility and thus, the adult females becoming sedentary 
endoparasites. The nematodes therefore become dependent on the feeding 
cells for nutrients and regulate their demands from hosts. 
As far as Rotylenchulus reniformis is concerned, the permanent 
feeding site of adult female is usually initiated in an endodermal cell, 
although cortical cells near to endodermis and pericycle may be modified 
first (Rebois et ai, 1975). The initial cell, usually located near a 
protoxylum pole, expands to 4-5 times its normal size. The nucleus 
enlarges, cytoplasmic organelles increase, and lysis of walls occurs 
centripetally to the pericycle, so that a syncytium develops. This is 
extended by incorporation of five to six pericycle cells in all directions 
around the initial cell, and these also expand. Razak and Evans (1976) 
observed a "feeding peg" that surrounds the nematode stylet where it 
penetrates the thickened cell wall of the initial cell. This is made up of 
plant polysaccharides. The peg extends into the cytoplasm, and opposite 
the stylet aperture a coiled "feeding tube" emerges from the peg and its 
lumen is continuous with that of the stylet. 
On the other hand, infection with root-knot nematodes stimulates 
the formation of a variable number of discrete giant cells in host tissues. 
There has not been complete agreement on the sequence of events which 
occurs during their infection. The view that predominated was that at the 
feeding site several adjacent members of a row of undifferentiated cells in 
the central cylinder coalesced through the dissolution of their cell walls, 
followed by a combination of mitosis without cytokinesis and further wall 
breakdown to bring about the multinucleate condition and the increase in 
size. (Christie, 1936; Bird, 1974). During the first 24-48 hour after 
infection, giant cell initials are usually dominated by the cell vacuoles. 
The nuclei are located in the peripheral cytoplasm. In bi-, tetra-, or 
octanucleate cells, the nuclei frequently lie close together, reflecting one, 
two, and three rounds of synchronized mitosis. 
As far as nematode losses to castor is concerned, Meloidogyne 
thomesi (Linde, 1956), Meloidogyne hapla (Gaskin and Crittenden, 
1956); Meloidogyne incognita (Minz, 1956), Meloidogyne javanica 
(Tarjan, 1953); Meloidogyne incognita acrita (Linde, 1956) Pratylenchus 
vulnus (Jensen, 1953) and Rotylenchulus reniformis (Seshadri and 
Shivkumar, 1963) have been reported to be parasitic to castor crop. Of 
these, only Rotylenchulus reniformis is the key nematode deadly affecting 
castor crop in India. Castor crop infested with Rotylenchulus reniformis 
shows symptoms of stunting and necrosis resulting in yield reduction 
(Verma and Prasad, 1969). Browning and necrosis of cells surrounding 
nematode head as well as away the head due to feeding oi Rotylenchulus 
reniformis in castor have been reported (Nath et. al, 1969). Reduction in 
water absorption capacity of castor roots infested with Rotylenchulus 
reniformis on account of poor root development has also been noticed 
(Ismail and Alam, 1975). The root-knot nematode, M. incognita has also 
been reported as pathogenic to castor by some workers. (Alam, Saxena 
and Khan, 1979) 
Interactions among species of plant parasitic nematodes can be 
considered ecological or etiological and the two aspects are inter-related. 
Ecological interactions affect the reproductive capacity of the population 
where as etiological interactions alter the development of plant diseases. 
The relationship between the ecology and etiology of the interactions is 
based on the correlation of number of nematodes with the amount of 
disease. 
Pathogenic affect of nematodes on castor is observed with respect 
to growth reduction, leaf shedding, early flowering, malformation, seed 
coloration with inferior quality seeds containing lower oil content 
(Sivakumar and Seshadri, 1971). Although plant parasitic nematodes 
alone are capable of causing severe disease symptoms, however, in the 
presence of other soil micro organisms, damage at times becomes more 
devastating. Although, it is well established that in the rhizosphere of 
plants, a variety of plant parasitic nematodes are found with a 
considerable overlapping of host range (Oostenbrink, 1966), however, the 
aspect dealing with their ecological relationship remains unexplored. 
During the survey, it was found that the castor crop growing in and 
around Aligarh was heavily infested with Meloidogyne incognita and 
Rotylenchulus reniformis. The collection of soil and root samples from 
such castor plants exhibited the high population of Meloidogyne 
incognita and Rotylenchulus reniformis. However, the population of R. 
reniformis was high as compared to M incognita due to the fact, castor 
being good host of R. reniformis. But situation changed dramatically 
when the two nematodes were present together causing heavy damage to 
the crop as evident from the reduced plant growth parameters and large 
nematode population in the root and soil. 
Keeping in view, the economic importance of castor crop and the 
association of root-knot nematode and reniform nematode resulting in a 
disease complex, it was decided to study the pathogenicity of both the 
nematodes, the nature of interaction between them and their management 
to minimize the disease menace. The problem of pesticide resistance, 
environmental degradation and harmful effects on non-target organisms 
including humans associated with the use of synthetic broad spectrum 
pesticides, have triggered the interest of scientists in exploring alternative 
measures for pathogen control. The recent withdrawal of many promising 
nematicides because of their hazardous nature has also given a direction 
in alternate nematode management strategies. Organic soil amendments 
have been found to be highly beneficial in many situations but they are 
required in quite large quantities which often pose difficulties in their 
procurement and application. Some recent investigations have indicated 
that many organic materials have systemic activities against nematodes. 
(Siddiqui and Alam, 1988, 1989 a, b). The utilization of plants and plant 
products has shown promising results in this direction. Therefore, the 
barks of some medicinally important plants were studied for their 
nematicidal potential and feasibility of their use in the control of root-
knot and reniform nematode inflicting severe damage to the castor crop. 
The following experiments were carried out to have a complete overview 
of the disease complex: 
1: Pathogenicity of root-knot nematode {Meloidogyne incognita). 
2: PatJiogenicity of reniform nematode {Rotylenchulus reniformis). 
3: Interaction between both the nematodes (with concomitant, pre and 
post inoculations) 
4: Management of disease complex using bark of some medicinal plants. 
CHapter 2 
CHAPTER-2 
REVIEW OF LITERATURE 
Because of long volume of literature available on the topic, it is 
dealt separately as: 2.1-Review related to pathogenicity, 2.2- Review 
related to interactions and 2.3- Review related to the management of plant 
parasitic nematodes using botanicals. 
2.1- Review related to pathogenicity. 
A pathogen, an infectious agent, or more commonly a germ, is 
a biological agent that causes disease to its host There are several 
substrates and pathways whereby pathogens can invade a host; the 
principal pathways have different episodic time frames, but soil 
contamination has the longest or most persistent potential for harboring a 
pathogen. 
Pathogenicity is the ability of a pathogen to produce an infectious 
disease in an organism. Pathogenicity tests are thus necessary to 
determine the tolerance limits or damage threshold of a particular 
pathogen under a particular set of environmental conditions for different 
crop cultivars as it has significant bearing on the development and 
establishment of disease syndrome. Such studies are helpflil in 
characterizing fundamental relationship between number and kinds of 
nematode crop performance. As far as pathogenicity of nematodes to 
different crops is concerned, a lot of work has been carried out time to 
time to establish threshold level in different species i.e., maximum 
damage causing level and it always varied from species to species, host to 
host and under different environmental conditions. 
SivaKumar and Seshadri (1971) reported that the growth and yield 
of castor was correlated with the initial population of Rotylenchulus 
reniformis. Oteifa and Osman (1974) observed a positive correlation with 
the inoculum density of Rotylenchulus reniformis and reduction in growth 
of tomato. Taha and Sultan (1977) found that the single inoculation of 
grape vine with 250, 500 or 1000 immature females of Rotylenchulus 
reniformis resulted in higher build up of nematode population than in 
double inoculation. 
El Hammed et al. (1977) while studying the host parasite 
relationship of Rotylenchulus reniformis on onion, he observed that as the 
inoculum level increased the nematode reproduction rate decreased. 
Reduction in plant growth was positively correlated with the increase in 
inoculum density. Villanueva and Castillo (1978) observed that the 
reduction in the growth of cowpea increased with the increase in the level 
of inoculum. At low inoculum density the rate of multiplication was high 
but at higher inoculum the rate decreased. 
Mishra and Gaur (1987) inoculated the seedlings of Cajanus cajan 
with second stage juveniles of Meloidogyne incognita (10, 100, 1000 and 
10,000 / pot) or pre adult females of Rotylenchulus reniformis 
individually and in combination. Both nematodes reduced shoot and root 
length, number of floral bunches and pods and rhizobial nodulation at 
inoculum levels of 10 or more/ pot both individually and in combination. 
Fresh weights were however, significantly reduced at or above 100 
nematodes individually or at the 1,000 and 10,000 levels concomitantly. 
Ahmad and Naimuddin (1988) inoculated Cicer arietinum (10, 20, 
30 and 40 days old) with 2000 juveniles of Meloidogyne incognita. 10 
and 20 days old showed maximum reduction in plant height than 30 and 
40 days olds. 
Ahmad (1989) reported that increasing levels of inoculum of 
Rotylenchulus reniformis (15, 150, 1500, 4500, and 75000 J4 
/seedling/pot) lead to a corresponding decrease in the growth of papaya 
plants. The rate of nematode multiplication was also adversely affected 
by increasing inoculum levels, and it was maximum at the two lowest 
initial inoculum levels. 
Ahmad (1989) inoculated Hyoscyamus niger seedlings with 
Meloidogyne incognita (0, 50, 500 or 5,000 nematodes/pot). After 60 
days, there was a significant reduction in plant growth which was 
minimum at 50 J2/plant. 
Babu and Vadivelu (1989), inoculated onion {Ahum cepa) var. 
aggregatum with Meloidogyne incognita and another variety, Bellary 
onion with Meloidogyne arenaria. Population levels of 100, 1000 and 
10,000 oi Meloidogyne incognita or 1000 and 10,000 oi Meloidogyne 
arenaria/pot were found to be pathogenic. 
Bhatti and Bhatti (1989) reported that when Cicer arietinum was 
inoculated with 10, 100, 1000, 2000, 4000 or 8000 second stage juveniles 
of Meloidogyne incognita/ plant, the number of galls was maximum at the 
2000 inoculum level and minimum at 10 inoculum level. 
Fazal et al. (1991) reported the pathogenic effect of Meloidogyne 
incognita on lentil. They inoculated two week old lentil seedlings with 0, 
10, 100, 1000 and 10,000 Meloidogyne incognita juveniles/pot. The 
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reduction in plant length, fresh and dry weight and nodulations were 
significant at 1,000 and above nematode inoculum levels. 
Ahmad and Khan (1991) studied the pathogenicity of Meloidogyne 
incognita race 1 on chili. The seedlings were inoculated with 50, 500, or 
5,000 Meloidogyne incognita \uvQm\QS in a pot experiment. The extent of 
damage was directly proportional to nematode density as the reproduction 
factor, gall index and egg mass index constantly increased with nematode 
population density. 
Fazal et al. (1994) reported the effect oi Meloidogyne incognita 
and Rotylenchulus reniformis on plant growth and rhizobial nodulation of 
green gram and were of the view that plant growth and nodulation was 
slightly stimulated at low levels and suppressed at high inoculum levels 
of Meloidogyne incognita. The damaging threshold levels were 500 and 
1000 nematodes/plant for both nodulation and plant growth respectively. 
Singh and Nath (1996) reported the pathogenicity of root-knot 
nematode, Meloidogyne incognita on papaya. They inoculated, 0, 10, 
100, 1,000, and 10,000 freshly hatched second stage juveniles to 45 days 
old seedlings of papaya. With increasing inoculum levels of the nematode 
there was a gradual reduction in plant growth characters except at initial 
inoculum of 10 nematodes. 
Stetina et al. (1997) evaluated the effect of soyabean genotype on 
competition between Meloidogyne incognita race 2 (Mi) and 
Rotylenchulus reniformis (Rr) in green house and microplot replacement 
series experiments. Soil in pots containing seedlings of Davis (susceptible 
to Mi) or Buckshot 66 (resistant to Mi) was infested with 1000 vermiform 
individuals in the following Mi:Rr ratio ; 0:0, 100:0, 75:25, 50:50, 25:75 
or 0:100. After 91 days, the relative nematode yields of each species were 
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calculated based on soil and root nematode populations expressed as 
nematode per gram of dry root tissue. In the green house, Mi population 
on Davis was stimulated in the presence of Rr. In microplots, low Mi and 
Rr population densities probably resulted from severe galling and 
destruction of feeder roots that probably occurred early in the season. 
Enhanced susceptibility to Mi was not observed on Buckshot 66, which 
remained resistant to Meloidogyne incognita even when colonized by 
Rotylenchulus reniformis. 
Ramakrishna and Rajendran (1997) reported that the number of 
leaves, leaf area, chlorophyll a and b, and their total content in papaya 
leaves were significantly reduced with an increasing inoculum level of 
Meloidogyne incognita, under controlled conditions. The threshold level 
for Meloidogyne incognita to lower the chlorophyll content was one 
juvenile/g soil. 
Ali, et al. (1998) reported that in pot experiments, 1000 
nematodes/1.5 kg soil was the pathogenic level of Rotylenchulus 
reniformis on gram. 
Ramakrishna and Rajendran (1999) reported the effect of different 
inoculum levels (10, 100 and 1,000) second stage juveniles of 
Meloidogyne incognita and immature females of Rotylenchulus 
reniformis individually and in combination on physiological functions, 
leaf chlorophyll and plant nutrient contents of papaya. The greatest 
damage was observed at 1000 juveniles of Meloidogyne incognita per kg 
soil for all parameters studied and same was observed for Rotylenchulus 
reniformis. 
Khan and Dar (2002) stated that the significant reduction in the 
plant growth was observed at an initial inoculum level of 2 immature 
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females of Rotylenchulus reniformislg soil and hence this inoculum level 
was considered as the minimum damaging threshold level for broccoli. 
The population of reniform nematode increased with the increasing levels 
of inoculum. Though, the maximum nematode population was recorded 
at the highest level of inoculum, the rate of reproduction of nematode was 
found to be highest at the lowest level of initial inoculum. Symptoms like 
chlorosis, stunted growth, shedding of leaves, early sprouting of 
inflorescence and sparsely developed roots were found during the 
experimental studies. Rotylenchulus reniformis required 30 days to 
complete the life cycle on broccoli. 
Khanna and Jyoti (2004) assessed the pathogenic potential of 
Meoidogyne incognita on carnation. Nematodes were inoculated on thirty 
day old carnation {Dianthus caryophyllus) plant roots at population levels 
of 10, 100, 1000 seconds stage juveniles. Plant growth was reduced at the 
level of 1000 and 10,000 juveniles compared to the control. Plant growth, 
root length, root weight, time taken to first bloom and floral weight were 
all adversely affected and stalk sturdiness was reduced, thus reducing the 
commercial value of the flowers. 
Patel et al. (2004) conducted pot experiment to determine the 
pathogenicity of Rotylenchulus reniformis on cotton cv. Hybrid-6. One 
cotton plant per pot was inoculated with 0, 10, 100, 1000, and 10,000 
nematodes. There was a significant reduction in shoot length and fresh 
weight, and root length at and above 1000 nematodes per plant, while 
fresh root weight was also significantly reduced at 100 nematodes per 
plant. The maximum reduction in shoot and root length and fresh weight 
was observed at 10,000 nematode per plant. 
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Chand (2004) studied the pathogenicity of Meloidogyne incognita 
to Allium hookeri using different inoculums levels, i.e., 0, 10, 100, 1000 
and 10,000 second stage juveniles per pot. Economic threshold level was 
recorded to be 100 nematodes per pot and caused 31.54% reduction on 
the fresh root weight over the control. However, maximum disease 
incidence and reduction in plant growth were recorded in 1000 and 
10,000 nematodes/pot. 
Ansari and Azam (2005) conducted an experiment to determine 
whether and to what extent the root-knot nematode, Meloidogyne 
incognita, would interfere with nodulation and the damaging potential of 
this nematode on greengram. One-week old seedlings were inoculated 
with 0, 500, 1000, 2000 and 4000/pot second stage juveniles of 
Meloidogyne incognita. The maximum damage was observed at 4000 
juveniles/pot. Number of galls was maximum at 4000 juveniles/pot. The 
maximum and minimum reproductive rates of nematodes were recorded 
in the lowest inoculum (500) and highest inoculum level (4000), 
respectively. 
2.2- Review related to interactions. 
Under natural conditions a plant is a potential host to various 
micro-organisms and due to same habitat, they can influence each other 
for the betterment of their survival. Infection by one pathogen can alter 
host response to subsequent infection by another pathogen. Different 
parasites on the same plant interact, which results in disease complexes, 
and these interactions may lead to susceptibility by predisposition or 
resistance through preinduction of resistance against a particular parasite. 
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According to the theory of competitive exclusion, two species 
cannot occupy the same ecological niche. Two species attempting to do 
so compete for limited resources until the species with the competitive 
advantage predominates. The nature of parasitism thus, greatly influences 
the competition between species. Competition is more severe between 
species with similar feeding habits and competition advantage seems to 
increase as the host-parasite relationship becomes more complex or as 
persistence increases. 
Nematode-nematode interactions. 
During the course of development, the plants are constantly 
exposed to different levels and complexes of competing pathogens. The 
presence of two or more phytoparasitic nematodes parasitizing a single 
cultivar is of common occurrence in nature. Feeding habits, survival 
mechanisms and ecological requirements of the different parasitic forms 
of the nematodes vary considerably. The presence of a particular species 
in a location is related to its method of dissemination, host suitability, 
host range, interactions with other organisms, cropping history and other 
factors. The interactions may be beneficial or detrimental to one or all 
interacting nematodes or there may be no effect on either. Most 
investigations indicate that nematode-nematode interactions are often 
antagonistic to at least one of the species. 
1. Interaction between two or more ectoparasitic nematodes: 
These parasitize only epidermal cells and root hairs. They have 
generally short stylet and their association with the host is not specific or 
long lived. Bird and Jenkins (1964) observed that when cranberry roots 
were inoculated simultaneously with Hemicycliophora similis and 
Macroposthonia xenoplex, there was an increase in the population of the 
former. 
Weischer (1974), studied competition between Aphelenchoides 
ritzembosi and Ditylenchus dipsaci on tobacco. He reported that D. 
dipsaci was inhibited by A. ritzembosi in simultaneous inoculation on 
tobacco but A. ritzembosi was not affected. 
Prasad and Rao (1977) reported that interaction of 
Tylenchorhynchus claytoni Stiener, 1937 and Helicotylenchus crenatus 
Das, 1960 on rice resulted in significant population decrease (57.1%) of 
H. crenatus indicating that this nematode could not effectively compete 
with T. claytoni. 
Krause-Schmidt and Lewis (1981) observed that in concomitant 
populations of Hoplolaimus columbus and Scutellonema brachyurum on 
cotton, the reproduction of both the species was mutually stimulated after 
90 days. Rhoades (1985) reported that highly pathogenic Belonolaimus 
longicaudatus suppressed reproduction of the less virulent Dolichodorus 
heterocephalus on corn, but D. heterocephalus had no effect on the 
reproduction of 5. longicaudatus. 
2: Interaction between ecto and migratory endoparasites: 
These interactions are generally antagonistic. Migratory 
endoparasitic nematodes alter root morphology and physiology as they 
move through plant tissue, and are therefore often antagonistic to ecto-
parasitic nematodes (Amosu and Taylor, 1975; Chapman, 1959). 
Chapman (1959) observed no significant difference in the plant 
growth of red clover and alfalfa when inoculated concomitantly with 
Pratylenchus penetrans and Tylenchorhynchus martini or with either of 
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the two nematode species separately. Population of T. martini was 
however, reduced in case of concomitant inoculation. 
According to Amosu and Taylor (1974) the nematode-nematode 
interactions may be time dependent. They provided evidence that 
Tylenchorhynchus agri suppressed the reproduction of Pratylenchus 
penetrans on red clover after 3 months in green house experiment but not 
after 5 or 7 months. 
Miller and Mc Intyre (1975) reported that simultaneous or prior 
inoculations of Pratylenchus penetrans and Tylenchorhynchus claytoni 
prevented the entry of Pratylenchus penetrans in tobacco roots. Pinochet 
et al. ( 1976 ) reported that concomitant inoculation of Pratylenchus 
vulnus Allen and Jensen, 1951 and Xiphinema index Thome and Allen, 
1950 caused greater growth reduction of grape wine ( Vitis vinifera ) than 
caused by anyone of them singly. 
3: Interaction between ecto and sedentary endoparasites: 
Ectoparasitic and sedentary endo-parasitic nematodes have quite 
different feeding sites. So, these nematodes can live in the same host 
without influencing each other or they may be mutually detrimental or 
stimulatory. 
Miller and Wihrheim (1968) reported that Glohodera tabacum inhibited 
Tylenchorhynchus claytoni possibly because the cyst nematode was more 
persistent. It was Norton (1969), who reported two fold increase in the 
population of Xiphinema americanum Cobb, 1913 in the absence of 
Meloidogyne hapla than in its presence in alfalfa field. Vaishnav and 
Sethi (1978) observed that Tylenchorhynchus agri was antagonistic to 
Meloidogyne naasi; M. incognita was inhibited by T. vulgaris on bajra. 
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Sikora et al. (1972) and Sikora et al. (1979) reported that Meloidogyne 
naasi was inhibited on creeping bent grasses by Paratrichodorus minor, 
which preferred to feed near the root tips and thus limited the number of 
infection sites for the root-knot nematode. According to Santo and 
Bolander (1977) Macroposthonia xenoplex suppressed Meloidogyne 
hapla on Concord grape. Kaul and Sethi (1982) noticed that Meloidogyne 
incognita was adversely affected by the presence of Heterodera zeae and 
Tylenchorhynchus vulgaris on maize. Population of T. vulgaris finally 
enhanced the penetration of M incognita. 
Choi et al. (1988) reported that cucumbers inoculated with 
Aphelenchus avenae and Meloidogyne incognita had fewer galls than 
when inoculated with root-knot nematode alone. 
Kassab and Taha (1990) reported the interaction between 
Meloidogyne arenaria and Tylenchorhynchus species (singly and 
concomitantly), and VAM fungi on clover. Nematodes infection singly or 
concomitantly, significantly suppressed the growth and reduced the 
number of nodules and inflorescences of both non-mycorrhizal and 
mycorrhizal plants; but the suppression and reduction were greater in 
non-mycorrhizal than mycorrhizal plants. Populations of the sedentary 
endoparasitic nematodes, M. arenaria in soil and in roots was 
significantly higher in mycorrhizal plants than in non-mycorrhizal plants. 
4: Interactions between migratory endoparasites: 
Migratory endoparasites live inside the root tissue but some times 
moves outside it. Migratory endoparasites generally utilize the same 
feeding sites and are probably very competitive with each other, although 
it is not uncommon to find concomitant populations. 
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Ferris et al. (1967) reported that Pratylenchus penetrans inhibited 
reproduction by Pratylenchus alleni on soyabean and P. alleni altered the 
sex ratio in P. penetrans towards females. Acosta and Ayala, (1976) 
reported that, Pratylenchulus coffeae antagonized population of 
Scutellonema bradys on guinea yam {Dioscorea rotundat). According to 
O' Bannon et al. (1976) climatic or edaphic factors may be involved in 
the interaction between Radopholus similis and Pratylenchus coffeae 
which were mutually suppressive on citrus after 10-15 months. There was 
a definite preference of the nematodes to the soil texture. P. coffeae 
predominated in fine textured soil while R. similis had the advantage in 
coarse textured soils. Teran and Trevathan (1985) observed that the 
population densities of Pratylenchus zeae and Quinisulcius acutus on 
sorghum 6 weeks after inoculation were significantly less in combined 
inoculation as compared to their separate inoculations. 
5: Interactions between sedentary endoparasites: 
Sedentary endo-parasites live in the host and have a complex 
relationship. These are highly specialized parasite. Sedentary 
endoparasitic spp. is generally mutually suppressive. 
Interaction between cyst and root-knot nematode is density 
dependent. Ross (1959, 1964) reported that the low population of 
Meloidogyne incognita had no effect on Heterodera glycines while high 
population suppressed H. glycines early in the season and then stimulated 
late in the season. 
Sharma and Sethi (1975) reported that in concomitant inoculation 
of cowpea with Heterodera cajani and Meloidogyne incognita, the 
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population of both the nematodes was suppressed while as the plant 
growth remained unaffected. 
Rao and Prasad (1981) reported that under green house conditions, 
Meloidogyne graminicola was found antagonistic to Heterodera 
oryzicola on rice after 52 days in simultaneous or spatial inoculation of 7 
days. Griffin and Waite (1982) reported a synergistic relationship 
between Heterodera schachtii and Meloidogyne hapla. This combination 
significantly reduced tomato root weight. 
6: Interaction between migratory endo and sedentary: 
The migratory endoparasites move from one place to another 
through root tissues which are ruptured by the sedentary endoparasitic 
nematodes for the feeding. Migratory endoparasites are thus known to 
disrupt plant tissue and often disturb feeding by sedentary endoparasites. 
According to Graham et al. (1964) Pratylenchus spp. dominated 
over Meloidogyne incognita on tobacco. Guerount (1968), reported that 
Meloidogyne incognita was greatly inhibited by Pratylenchus major on 
pine apple. Estores and Chen (1970) reported that penetration of 
Pratylenchus penetrans was not affected by the presence of Meloidogyne 
incognita on tomato but the reproduction of P. penetrans was inhibited. 
Freckman and Chapman (1972) noticed that when Heterodera trifolii and 
Pratylenchus penetrans were introduced simultaneously, there was an 
increase in penetration. 
Turner and Chapman (1972) reported that the effect of joint 
invasion of alfalfa and red clover by Meloidogyne incognita and 
Pratylenchus penetrans was more or less same, as it was when invaded 
by each nematode species alone. Penetration by M.incognita into alfalfa. 
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but not into red clover, was significantly reduced when simultaneously 
inoculated with 50 juveniles of M incognita and 200 specimens of P. 
penetrans. 
Gay and Bird (1973) observed significant increased population of 
Pratylenchus brachyurus on cotton in the presence of either M. incognita 
or M arenaria. This occurred with either simultaneous inoculations or 
prior invasion by M.incognita. Griffin (1983) reported that Ditylenchus 
dipsaci and Heterodera schachtii were not affected by each other, 
probably because they occupied different sites in the host. Lawn and Noel 
(1990) observed Heterodera glycines was antagonized by P. scribneri on 
soyabean. 
Agu (2004) reported that both Meloidogyne incognita and 
Pratylenchus brachyurus reduced the leaf growth on shoots of sweet 
potato. However, Meloidogyne incognita had greater effect than P. 
brachyurus. 
7: Interaction between semi-endo and sedentary endoparasites: 
' Khan et al. (1984) reported that the interaction between 
Meloidogyne incognita and Rotylenchulus species can be mutually 
antagonistic or suppressive to just one species. Rao and Prasad (1971) 
observed that Rotylenchulus reniformis, when occurring alone caused 
greater damage than Meloidogyne javanica alone or both the species 
when present together in equal densities. Winoto and Lim (1972) reported 
that individual inoculations of R. reniformis on tomato tended to reduce 
top weight, whilst M.incognita increased them. 
Khair and Osman (1977) reported that root penetration on tomato 
by larvae of Meloidogyne incognita was adversely affected by the 
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presence of Rotylenchulus reniformis and concluded that the latter 
competed more effectively. The development and multiplication of M 
incognita was also affected when Rotylenchulus reniformis was present. 
Only few M incognita reached the adult stage and laid eggs in mixed 
infestation as compared with pure population. 
Ismail and Saxena (1980) reported that the growth of castor 
{Ricinus communis) increased with an increase in potassium supply to 
plants upto IK followed by a decrease at 2K at all the initial inoculum 
densities. There was no effect of M incognita on the growth of plants but 
R. reniformis brought about a significant reduction in the growth of plants 
at an inoculum density of 1000 larvae/2kg sand. The final population of 
M. incognita was always less than the initial inoculum level and no 
mature females were recovered from the roots. However, the final 
population at 2K was higher than at other potassium levels. On the other 
hand, the final potassium of R. reniformis increased many fold at all the 
potassium levels. 
Thomas and Clark (1980) reported that Meloidogyne incognita 
reproduced equally well in combination with Rotylenchulus reniformis as 
it did when present alone but Rotylenchulus reniformis population was 
significantly reduced in the presence of Meloidogyne incognita in a green 
house test using "Centennial" sweet potato cuttings. 
Mishra and Gaur (1981a) reported that extent of growth reduction 
of black gram was relafively less in concomitant inoculation with 
Meloidogyne incognita and Rotylenchulus reniformis than caused by 
either pathogen singly. 
Khan and Husain (1988) reported the effect of individual, 
concomitant and sequential inoculafions of Rhizobium, Rotylenchulus 
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reniformis, Meloidogyne incognita and Rhizoctonia solani on cowpea. 
Plant growth, disease development and nematode multiplication were 
calculated when Vigna unguiculata was inoculated with pathogens 
individually. R. solani caused greatest plant growth reduction. Inoculation 
of nematode and fiingus together was more damaging than inoculation of 
both nematode species, with R.solani plus M.incognita causing the 
greatest plant growth reduction. 
Patel et al. (1989) reported that the inoculation oi Meloidogyne 
incognita or Meloidogyne javanica alone or in combination with 
Rotylenchulus reniformis significantly reduced growth and development 
of tobacco in pot experiment. The sequential inoculation had intermediate 
effect on plant growth. When Meloidogyne incognita or Meloidogyne 
javanica were inoculated alone, the root-knot index was significantly 
greater. 
Khan and Husain (1989) reported proline, leghaemoglobin 
contents and water absorption capability of cowpea roots as influenced , 
by infection with Rotylenchulus reniformis, Meloidogyne incognita and 
Rhizoctonia solani. They observed greatest accumulation of proline 
content, when all the three pathogens were present together. 
Anver and Alam (1989) observed that Meloidogyne incognita and 
Rotylenchulus reniformis caused a significant reduction in plant growth 
of okra due to impairment in water absorption capability of roots. The 
reduction was maximum in concomitant inoculation but not the sum total 
of reduction caused by the same levels when inoculated individually. 
Khan and Husain (1990) studied the effect of interaction of 
variable inoculums levels of Rotylenchulus reniformis, Meloidogyne 
incognita and Rhizoctonia solani on cowpea. One week old seedlings of 
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cowpea {Vigna unguiculata) were inoculated with R. reniformis, M. 
incognita and R. solani individually and concomitantly in pot 
experiments. The greatest reduction in cowpea growth and nodulation 
was caused by a combination of 750 larvae of M incognita and 250 
young females of R. reniformis. In the nematode fungus interaction the 
greatest damage was observed when nematode inoculum of either 
nematode species was lowest and that of the fungus was highest. 
Subramaniyan et al. (1990), studied the estimation of loss in 
tomato due to Meloidogyne incognita and Rotylenchulus reniformis. 
Tomato plants grown in microplots were infested with Meloidogyne 
incognita and Rotylenchulus reniformis and treated with carbofliran at 
3g/m or while as some plots left untreated. Yields of treated plots were 
significantly higher than untreated plots. 
Kumar and Vadivelu (1997) reported that the combined 
inoculations of Meloidogyne incognita, Rotylenchulus reniformis and 
Rhizoctonia solani together affected the height, fresh and dry weights of 
shoots and roots most, followed by the concomitant inoculation of 
nematodes without fungus. 
Diez et al. (2003) examined the reproduction and development of 
Meloidogyne incognita (Mi) and Rotylenchulus reniformis (Rr) in 
separate and concomitant infections on cotton. Under greenhouse 
conditions, cotton seedlings were inoculated simultaneously with 
juveniles (J2) of M incognita and vermiform adults oiR. reniformis in the 
following ratios (Mi:Rr): 0:0, 100:0, 75:25, 50:50, 25:75, and 0:100. Soil 
populations of M incognita and R. reniformis were recorded at 3, 6, 9, 
14, 19, 25, 35, 45, and 60 days after inoculations. At each date, samples 
were taken to determine the life stage of development, number of egg 
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masses, eggs per egg mass, galls, and giant cells or syncytia produced by 
the nematodes. Meloidogyne incognita and R. reniformis were capable of 
initially inhibiting each other when the inoculum ratio of one species was 
higher than the other. In concomitant infections, M incognita was 
susceptible to the antagonistic effect of R. reniformis. Rotylenchulus 
reniformis affected hatching of M incognita eggs, delayed secondary 
infection of M. incognita J2, reduced the number of egg masses produced 
by M. incognita, and reduced h of M. incognita 60 days after 
inoculations. In contrast, M incognita reduced R. reniformis soil 
populations only when its proportion in the inoculum ratio was higher 
than that of R. reniformis. Meloidogyne incognita reduced egg masses 
produced by R. reniformis, but not production of eggs and secondary 
infection. 
2.3- Review related to nematode management using 
botanicals. 
During the last decades nematode control methods have been based 
on the use of chemical products applied to the soil or to the cultivated 
plants. However, because of the toxicity of some pesticide compounds 
and due to environmental and human health concerns, the use of 
nematicides has been restricted to a large extent. Therefore, there is an 
urgent need to develop alternative, environmentally-friendly, safe and 
effective management strategies; and thus methods of biological control, 
in particular, come into existence and are increasingly promoted. 
Nematode biological control is defined as the reduction in nematodes 
damage by organisms antagonistic to nematodes through the regulation of 
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nematode populations and/ or a reduction in the capacity of nematodes to 
cause damage. This occurs naturally and/ or is accomplished through the 
manipulation of the environment or by the mass introduction of the 
antagonist. In other words, any control methodology not involving 
chemical nematicides is considered as biological control by some 
nematologists. Besides, use of botanicals i.e. substances of plant origin 
has recently been introduced as they contain certain chemical compounds 
which are detrimental for soil pathogens particularly nematodes 
(Suatmadji, 1969; Sayre, 1971; Siddiqui, 1986; Alam et al. 1977a and 
Siddiqui and Saxena 1987a, b). They are environmental friendly and bio-
degradable and do not pose any threat to the ecosystem. 
Among the natural enemies of plant parasitic nematodes, 
antagonistic plants serve as useful tool for biological control. Many of 
these plants, which are now considered to have good nematodes control 
potential, were already grown in ancient days though for other purposes. 
For example, marigold was grown by Indian farmers as well as the 
common man since time immemorial for its ornamental value and for 
religious ceremonies. Similarly, there is an age old practice in India of 
interplanting mustard and other Brassicae spp. in between the rows of 
wheat and barley. Likewise, in Southern Persia, neem trees are planted on 
the periphery of cotton fields. The scientific explanation for all these 
practices, however, became known only at later stages and in some cases 
only recently. Now a large number of plants are known to have nematode 
suppressant properties (Suatmadji, 1969; Sayre, 1971; Siddiqui, 1986). 
and are considered promising agent of biological control. 
Tagetes is one such antagonistic crop on which much work has 
been carried out. Tyler (1938) and Steiner (1941) were the earliest in 
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recording resistance of Tagetes spp. to Meloidogyne. Oostenbrink et al 
(1957) showed that by growing Tagetes, population oi Pratylenchus sp. 
could be reduced by 90%. Sixteen varieties of T. patula and T. erecta 
were found to be effective, but a growing period of 3 to 4 months was 
necessary. They concluded that this effect on nematode population was 
not because of eventual decay of marigold plants in soil, but due to 
nematicidal action of root diffusates. 
Hackney and Dickerson (1975) noted that population of 
Meloidogyne incognita were significantly lower in marigold fields as 
compared to that from tomato. However, when marigold and tomato were 
grown together then reduction in population was not significant. 
Morgan (1925) and Triffit (1929, 1930) found inhibiting effect of 
Sinapsis alba on the larval emergence of Globodera rostochiensis. This 
effect is considered to be due to the presence of isothiocynates in root 
diffusate of this plant. 
Asparagus {Asparagus officinalis) root diffusates reduced the 
activities of Paratrichodorus minor. An unidentified nematicidal 
glycoside was isolated from the roots of Asparagus (Rhode and Jenkin, 
1958). Schotte and Strom (1956) and Takagusi et al. (1975) purified 
aspergic acid (1, 2-dithiolene- 4-carboxylic acid) from Asparagus as the 
active nematicidal principle. The acid inhibited completely larval 
emergence from cysts of Globodera rostochiensis and Heterodera 
glycines and was found toxic to G. rostochiensis, Meloidogyne hapla, 
Pratylenchus penetrans and P. curvitatis. 
Azadirachta indica, popularly known as neem, is widely distributed in the 
tropical and subtropical regions. The neem tree has a multi-dimensional 
utility in medicine, commerce and in agriculture. It also has many 
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complementary uses. Alam et al. (1977a) and Siddiqui and Saxena 
(1987a, b) reported a high degree of suppression in the multiplication of 
Meloidogyne incognita and Rotylenchulus reniformis on tomato and 
Tylenchorhynchus brassicae on cabbage and cauliflower in the presence 
of neem seedlings. 
Siddiqui and Alam (1987) studied and tested the feasibility of the 
use of crude extracts of different parts of neem and an allied species, 
Persian Yilac/bakain {Melia azedarach L.) as seed dressing against 
Meloidogyne incognita and Rotylenchulus reniformis. The effect was 
more pronounced in the plants raised from seeds treated with fruit 
extracts. Gum was the least effective of the all treatments. The water 
extracts of Neem were generally more efficacious than those of Persian 
lilac. 
Siddiqui and Alam (1988) reported that soil application of plant 
wastes of Tagetes lucida, T. minuta and T. tenuifolia resulted in 
significant reduction in the population of Rotylenchulus reniformis, 
Tylenchorhynchus brassicae, Hoplolaimus indicus, Helicotylenchus 
indicus and Tylenchus filiformis on tomato and eggplant with a 
corresponding increase in plant growth. 
Siddiqui and Alam (1988) reported that water extracts of different 
parts of marigold {Tagetes lucida) were highly deleterious to 
Meloidogyne incognita, Rotylenchulus reniformis, Tylenchorhynchus 
brassicae, Hoplolaimus indicus, Helicotylenchus indicus and Tylenchus 
filiformis, however, to a varying extent, The nematode mortality 
increased with an increase in the concentration of the extracts and the 
exposure period. Juvenile hatching of Meloidogyne incognita was also 
greatly inhibited by the extracts. Inhibition in the hatching increased with 
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increase in the concentration of the extracts. Flower extracts caused 
greatest nematode mortality and inhibition in juveniles-hatching followed 
by seed, leaf and root extracts. 
Siddiqui and Alam (1989) reported that bare root dip of cabbage 
and cauliflower in leaf extracts of mavgosa/neem and a related species 
Persian lilac caused significant reduction in the population build-up of 
Tylenchorhynchus brassicae. The population of stunt nematode gradually 
decreased with an increase in concentration of the extracts and the dip 
duration. The nematode alone retarded water absorption efficiency of 
roots, but improvement in plant growth due to various dip treatments 
caused an increase in water absorption efficiency. 
Anver and Alam (1998) reported that the root-knot nematode, 
Meloidogyne incognita caused greater reduction in plant growth, 
chlorophyll content, water absorption capacity of roots and root 
nodulation of chickpea and pigeonpea and bulk density of pigeonpea 
stem, than the reniform nematode, Rotylenchulus reniformis. These 
nematodes inhibited each other in concomitant infections. However, both 
the nematodes together caused more damage to the test plants than was 
caused by either of them singly, but it was less than the sum total of the 
damage caused by them individually. Oil-seed cakes of neem/margosa 
{Azadirachta indica), castor (Ricinus communis), mustard (Brassica 
campestris), rocket salad/'duan' {Eruca sativd) were found to be highly 
effective in reducing the multiplication of nematodes and consequently 
plant growth, the water absorption capacity of the roots, root nodulation 
and bulk density of woody stem of pigeonpea increased significantly. The 
test nematodes were found to be less damaging in the presence of 
Paecilomyces lilacinus. The multiplication rate of nematodes was less in 
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presence of P. lilacinus as compared to the absence of P. lilacinus. 
Damage caused by the nematodes was further reduced when P. lilacinus 
was added along with oil-cakes. Most effective combination of P. 
lilacinus was with neem cake. 
Yasmin et al. (2003) used the extracts of neem {Azadirachta indica 
L.) to control the root knot nematode Meloidogyne javanica of sweet 
gourd. Extracts of neem seed was found to be lethal to the juveniles of 
Meloidogyne javanica compared to the extracts of bark and leaf of neem, 
probably due to less toxic metabolites in the immature neem seeds. 
Mojumder et al. (2004) studied the effect of 3 commercially 
available neem based formulations used as urea coatings (5000/50 kg 
urea) on the root-knot {Meloidogyne incognita) and reniform 
{Rotylenchulus reniformis) nematodes infesting okra. The experiment was 
carried out in field trials and glass house for 3 years. The application of 
recommended doses of urea coated with Nimin and U-coat significantly 
reduced the root-knot index and soil populations of M. incognita and R. 
reniformis and increased the plant growth parameters. In field trials, all 
three treatments reduced the root-knot index, soil populafion of root-knot 
and reniform nematodes compared to the control and increased the yield 
per plot. 
Tiyagi et al. (1988) reported that the root-knot nematode, 
Meloidogyne incognita and reniform nematode, Rotylenchulus reniformis 
caused considerable damage to the growth of eggplant. Chopped shoot 
parts of some plants of the family compositae effectively contained the 
multiplication of these nematodes and the root-knot development, 
consequently which improved the plant growth. These additives also 
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showed their manurial value. There was no sign of phyto-toxicity of any 
of these additives used. 
Anver (2007) reported that reduction in different growth 
parameters, bulk density of pigeonpea stem, oil content of linseed, 
chlorophyll content of leaf and water absorption of roots caused by 
Meloidogyne incognita and Rotylenchulus reniformis were statistically 
significant. Similar effects were also observed in plants raised from seeds 
soaked in different concentrations of water soluble fractions (WSF) of 
rice polish and pyridoxine solution, however, the reduction were of a 
comparatively lesser extent. Higher concentrations of the solutions were 
more beneficial than WSF for improving plant growth and reducing 
disease incidence. 
Umamaheswari and Babu (2003) conducted experiments to study 
the efficacy of Calotropis procem leaf powder (1, 2, 5 and 10%) against 
root-knot {Meloidogyne incognita) and reniform {Rotylenchulus 
reniformis) nematodes infesting cowpea cv. CO-4. The highest yield and 
lowest nematode population was obtained with 10% leaf powder in both 
experiments. 
Mojtahedi et al. (1991) observed that Meloidogyne chitwoodi races 
1 and 2 and M hapla reproduced on 12 cultivars of Brassica napus and 
two cultivars of B. campestris. The mean reproductive factors for the 
three nematodes were 8.3, 2.2, and 14.3, respectively. All three 
nematodes reproduced more efficiently (P < 0.05) on B. campestris than 
on B. napus. Amending M. chitwoodi-infested soil in plastic bags with 
chopped shoots of Jupiter rapeseed reduced the nematode population 
more (P < 0.05) than amendment with wheat shoots. Incorporating Jupiter 
shoots to soil heavily infested with M chitwoodi in microplots reduced 
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the nematode population more (P < 0.05) than fallow or com shoot 
treatments. The greatest reduction in nematode population density was 
attained by cropping rapeseed for 2 months and incorporating it into the 
soil as a green manure. 
McGrady and Cotter (1989) conducted an experiment to evaluate 
the effect of fresh and aged conifer barks on galling by Meloidogyne 
incognita on tomato roots. Fresh bark (stored at sawmill) exhibited 
significant nematicidal activity (reduced galling) when used as a medium 
component (50 or 75% with sand v/v). Galling on tomatoes grown in 
aged bark (used as a culturing medium for tomatoes for 5 years) was 
extensive. When 10 or 20% fresh conifer bark was mixed into beds, 
galling was less extensive on tomato roots than on tomato roots grown in 
an unamended medium. The nematicidal property of conifer bark 
diminished during long term use. Increase in medium pH, which occurred 
during continuous cropping, could have contributed to the reduced 
nematicidal activity with time. 
Keeping in view the above different strategies of nematode 
management, in the present study bark was preferred as the amendment 
against nematodes as it has not been so widely used compared to other 
parts of the plants. 
Ismail (1998) tried four hardwood barks (HWB) i. e. Acacia 
arabica (AA), Ficus sycomorus (FS), Morus alba (MA) and Ziziphus 
spinachristi (ZS) as soil amendments at 0.5, I.O and 1.5% rates w/w for 
control of Rotylenchulus reniformis and improvement of cv. Giza 1 
sunflower growth under greenhouse conditions. All HWB with various 
concentrations significantly (P < 0.01) reduced numbers of larvae in soil, 
both females and egg masses on roots, total final nematode population as 
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well as the nematode build-up as compared to control. 1.5% rate of ZS, 
AA and MA barks were most effective in reducing numbers of larvae in 
soil, total final nematode population and the nematode build-up. Also, 
1.5% rate of each of FS and AA barks were most effective in reducing 
numbers of females or eggmasses, respectively. On the other hand, the 
least reduction in the previous nematode stages and rate of build-up was 
observed with 0.5% dose of FS bark. Shoot weights were increased 
significantly with both of 1.0% and 1.5%) doses of each of FS and ZS 
barks and only with 1.5% dose of MA bark. Both shoot lengths and root 
weights increased significantly with 1.5% dose of all HWB or with 1.0%) 
dose of each of AA and ZS barks as compared to control. No significant 
increase in root lengths was observed. Generally, there were positive 
significant correlafions between doses of HWB, each of the reductions in 
the previous nematode stages and increases in sunflower growth criteria. 
Amin and Youssef (1999) tested five different dry and five green 
plant leaves against Meloidogyne javanica and Rotylenchulus reniformis, 
as bio-agents in controlling these nematodes infecting sunflower. Data 
generally, indicated that all the tested manures significantly (P < 0.05) 
reduced the total number of nematodes in root and soil. The best 
materials were dry leaves of datura on M. javanica and lime dry leaves on 
R. reniformis which gave very good results against nematodes (86.4 and 
95.1% female reduction, respectively). 
El-Nagdi and Youssef (2003) reported that use of composted (Bio-
earth) and non-composted (Filter cake) sugarcane residues showed 
significant reduction in the number of galls and eggmasses of 
Meloidogyne incognita root-knot nematodes on okra cv. Baladi. Plant 
growth parameters also increased compared to the untreated control. 
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Youssef and El-Nagdi (2004) reported that the feeding sites (giant 
cells) of Meloidogyne incognita infected roots of squash are mainly 
confined in the endodermis and stele regions. Giant cells have dense and 
multinucleated cytoplasm and surrounded by hyper-plastic cells. When 
sesame plant was intercropped with susceptible squash, it significantly 
suppressed M incognita on squash as indicated by the number of 
nematode galls and egg-masses compared to those on squash grown in 
pure stand. There was a positive correlation between number of sesame 
plants and the percentages of reduction in nematode galls and egg-masses 
on squash. The percentages of nematode reduction in squash roots 
intercropped with one, two, three and four sesame plants were 48.1, 74.1, 
84.4 and 88.8% for root galling and 20, 50, 70 and 80% for egg-masses, 
respectively. Sesame oil seed cake was used, at the rates of 0, 10 and 15 
g/pot, to study its effect on reproduction and development of the root-
knot nematode on squash. All treatments have significantly reduced the 
nematode galls and egg-masses. In addition, sesame oil seed cake 
insignificantly improved plant groulh in proportional to the tested rates. 
Nico et al. (2004) used dry cork, dry-grape marc and a 1:1 mixture 
of dry-olive marc+dry-rice husk as an amendment to potting mixture for 
the management of Meloidogyne species. Amending the potting mixture 
with composted dry cork at rates of 0%, 25%, 50%, 75% and 100% v/v, 
reduced root galling and final populations oi Meloidogyne incognita race 
1 and M Javanica in tomato, and final nematode population in olive 
plants compared with the control. In tomato, increasing the rate of the 
amendment exponentially reduced the root galling caused by M 
incognita race 1 mdM. javanica by 40.8% 51.3% respectively. Similarly, 
the final population was reduced 81.9% and 82.6% respectively. 
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Dawar et al (2007) used different parts of Eucalyptus sp., viz., 
leaves, stem, bark and fruit as aqueous and etiianol extracts and all these 
showed nematicidal effect against Meloidogyne javanica root knot 
nematode, reduced hatching of eggs, increased mortality of juveniles with 
an increase in exposure of time and showed efficiency in the control of 
Meloidogyne javanica root knot nematode on mung bean and chick-pea 
plants. Significant increase in shoot length, shoot weight, root length and 
root weight was observed where soil was amended with leaves, stem, 
bark and fruit of Eucalyptus sp., used @ 0.1, 1 and 5% w/w. Number of 
knots was also significantly reduced. All plant parts of Eucalyptus spp., 
were more effective @ 5% w/w. 
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Cdapter 3 
CHAPTER-3 
MATERIALS AND METHODS 
Two nematode species viz., root-knot nematode, Meloidogyne 
incognita (Kofoid and White, 1919) Chitwood, 1949 and reniform 
nematode, Rotylenchulus reniformis Linford and Oliveira, 1940 were 
selected as test pathogens on the test plant viz., castor {Ricinus communis 
L.) cv. Jyothi. 
Materials and methods have been dealt separately for the two sets 
of experiments. 3.1-Material and method related to pathogenicity and 
interaction and 3.2- Material and method related to management of 
disease complex on castor. 
3.1-Materials and methods related to pathogenicity 
and interactions: 
3.1.1- Preparation and sterilization of soil mixture: 
Sandy loam soil was sieved through 16 mesh sieve and was mixed 
with river sand and organic manure in the ratio of 3:1:1. Throughout the 
course of studies, 10 inch pots were filled with this soil mixture at the rate 
of 4kg/pot. A little amount of water was added to each pot to just wet the 
soil before transferring to an autoclave for sterilization at 201b/square 
inch pressure for 20 minutes. Sterilized pots were allowed to cool down 
at room temperature before use for experiments. 
3.1.2-Raising and maintenance of pure culture of 
nematodes: 
The pure culture of Meloidogyne incognita and Rotylenchulus 
reniformis were raised and maintained on egg plants {Solanum 
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melongena L.) separately, using single egg mass collected from severely 
infected roots of egg plants. The species of root-knot nematode was 
identified on the basis of perineal pattern of some of the females from 
which the egg masses were picked up. The egg masses of both the 
nematode species were surface sterilized with Clorox (1:500 aqueous 
solution of calcium hypochlorite) for five minutes as described by Den 
Ouden (1958). Thereafter, it was washed thrice in distilled water. The 
eggs in the egg mass were allowed to hatch out in sterilized distilled 
water on a coarse sieve with double layered tissue paper at 27° C under 
aseptic conditions. The egg plant seedlings already grown in 10" earthen 
pots, in autoclaved soil, were separately inoculated with either of the 
nematode species obtained in this manner. Later on, more plants were 
inoculated at various intervals of time to have sufficient amount of 
inoculum. 
Nematodes were extracted from the pot soil after a month through 
graded sieves of 16, 60, and 400 meshes according to modified Cobb's 
sieving and decanting method followed by Baermann funnel technique 
(Southey, 1986). Nematodes obtained this way were used for inoculation 
of fresh egg plant seedlings. Second stage larvae of the root-knot 
nematode and immature females of reniform nematode infested the roots 
and multiplied thereafter in respective pots. After about 6-8 weeks, a little 
amount of soil from near the root zone and roots of inoculated plants was 
examined separately to confirm the establishment and multiplication of 
each nematode species. After 2-3 months, the plants were cut at the 
ground level and soil was processed for nematode extraction by the 
technique mentioned earlier. The roots were washed thoroughly under 
running tap water, cut into small pieces and transferred near root zones of 
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the egg plants growing in the large sized earthen pots {nand) containing 
sterilized soil. Separate soil suspension containing Meloidogyne incognita 
and immature females of Rotylenchulus reniformis was transferred with 
the help of sterilized pipette to the root zone of egg plants growing in the 
respective pots. Egg plant seedlings were inoculated time to time to 
maintain a regular supply of the respective inoculums. Culture of 
Meloidogyne incognita and Rotylenchulus reniformis multiplied and 
maintained in this manner was used as inoculum for experiments. 
3.1.3- Raising and maintenance of test plants: 
Seeds of the test plant were surface sterilized by dipping in 0.1% 
mercuric chloride solution for two minutes and washed thrice with 
distilled water. The seeds dried at room temperature were sown in 10 inch 
earthen pots containing autoclaved mixture of soil at the rate of 4kg/pot. 
Five seeds of castor were sown in each pot, but after germination, one 
healthy seedling of uniform size per pot was maintained. Watering was 
done as and when required. Two week old, well established and healthy 
seedlings were used for experimental purpose. 
3.1.4-Preparation of nematode inoculum: 
Rotylenchulus reniformis nematodes were extracted from the soil 
collected from around the root zones of egg plants growing in 10" earthen 
pots on which pure culture was developed and maintained. The soil so 
collected was processed by Cobb's sieving and decanting method 
followed by modified Baermann's funnel technique. The nematode 
suspension which contained immature females of reniform nematode 
collected from the funnel after 24 hours, served as inoculum of 
Rotylenchulus reniformis. For Meloidogyne incognita, large numbers of 
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egg masses from heavily infested egg plant roots were hand picked with 
the help of sterilized forceps from the previously maintained pure culture 
of the nematode. These egg masses were washed with distilled water and 
placed in a sieve containing crossed double layer of tissue paper. The 
sieve was placed in Petri-dish containing water just touching its lower 
portion. A series of such assemblies were kept for obtaining required 
number of second stage juveniles for inoculation. The hatched out 
juveniles were collected from the Petri-dishes alongwith water after 24 
hours and transferred to a beaker. Fresh water was added to the Petri-
dishes to repeat the process. 
The separate water suspensions of the nematodes either 
Rotylenchulus reniformis or Meloidogyne incognita were gently stirred so 
that a homogenized distribution of nematodes is obtained. From each 
suspension, 10 ml was taken in the counting dish for counting the number 
of nematodes under a stereomicroscope (Southey 1986). For each sample, 
an average of five counts was taken to determine the density of 
nematodes per unit volume of the suspension. Volume of water in the 
nematode suspension was so adjusted that one ml contained about 100 
nematodes. It was done by adding more water or decanting the excess 
amount of water, so that 10 ml of this suspension poured in each pot will 
provide 1000 immature females of R. reniformis and accordingly, 20 ml 
to provide 2000 second stage juveniles of M incognita/poi. 
3.1.5-Test for pathogenicity: 
It was done to determine the inoculum threshold for test pathogens. 
In order to determine the inoculum threshold of each nematode species, 
capable of causing significant damage, the two week old seedlings of 
castor were inoculated with 500, 1000, 2000, 4000, 6000, and 8000 of 
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second stage juveniles of Meloidogyne incognita and immature females 
oiRotylenchulus reniformis/kg soil. 
3.1.6- Studies on individual, concomitant and sequential 
inoculation of pathogens: 
In case of multipathogenic infection on host plant, interpathogenic 
competition for food and survival are very much expected. In order to 
study the effect of early establishment of either of the two nematode 
species on plant growth characters and nematode multiplication, castor 
seedlings were inoculated with two test pathogens (M incognita and R. 
reniformis) individually and in their various combinations of 
simultaneous, pre and post inoculations. The inoculum level was 
maintained as 1000 immature females per plant and 2000 second stage 
juveniles for Rotylenchulus reniformis and Meloidogyne incognita 
respectively during the course of investigation for experiments related to 
interactions. Uninoculated plants were kept as control. Inoculations were 
made according to the following schedule-
• INOCULATION SHEDULE: 
1. Uninoculated (control). 
2. Inoculation with M incognita (Mi) alone. 
3. Inoculation with R. reniformis (Rr) alone. 
4. . . . Mi+Rr. 
5. . . . Mi 20 days prior to Rr 
6. . . . Rr 20 days prior to Mi 
3.1.7- Inoculation techniques: 
Two week old castor seedlings were inoculated with 1000 
specimens of R. reniformis and 2000 second stage juveniles of the M 
incognita at the rate of 1 kg soil throughout the course of experiments 
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related to interactions. For the experiments related to pathogenicity 
different inoculum levels i.e., 500, 1000, 2000, 4000, 6000 and 8000 were 
used for both the nematodes. Feeder roots of seedlings, just before 
inoculations, were exposed by carefully removing the top layer of soil 
and a required quantity of nematode suspension was poured uniformly all 
around the exposed roots using a sterilized pipette. Exposed roots were 
immediately covered by leveling the soil properly. 
Both individual as well as simultaneous and sequential inoculations 
of the test pathogen combinations, depending upon the experiment, were 
performed. Throughout these studies, each treatment was replicated thrice 
and uninoculated plants were kept as control. The experiment was 
terminated after 3 months of inoculation. 
3.1.8- Recording of data: 
Observations and recording of data were done under following 
headings: 
I. PLANT GROWTH DETERMINATION:- The plants were uprooted 
after 3 months of inoculation and their roots were gently washed of soil 
taking every possible precaution to avoid losses and injuries during the 
entire operations. Following parameters were studied during the course of 
investigation: 
I a: Plant length: - For measuring the length, the plants were cut with a 
sharp knife just above the point of root emergence. The length of the 
plants was recorded in centimeters from the cut end to the tip of first leaf 
and the longest root separately. 
I b: Dry weight: - To remove the excess of water of plants, the plants 
were placed for sometime, between two folds of blotting sheets, before 
taking their dry weight. For measuring dry weight, the shoots and roots 
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were kept in envelopes separately for drying in an oven running at 80° c 
for 24 hours. The weight was recorded in grams. 
II. ROOT GALL ESTIMATION:-
The root-knot nematode galls were estimated by counting the 
number of galls per root system. 
III. NEMATODE POPULATION ESTIMATION:-
For the estimation of population of both the nematodes, the soil 
from each treatment was mixed thoroughly and a sub-sample of 200g soil 
was processed through Cobb's sieving and decanting method followed by 
modified Baermann funnel technique (Southey 1986). Each nematode 
suspension was collected in a beaker and volume was made upto 100 ml. 
For proper distribution of nematodes, the suspension was bubbled with 
the help of pipette and 10 ml suspension of each sample was taken into a 
counting dish. Mean of the three such counting's was calculated and the 
final population of each nematode per kg soil was calculated. 
For estimation of nematode population in roots, 1 .Og of root, from 
each replicate, was macerated with enough water for 45 seconds in an 
electrically operated waring blender, in enough water. The macerate was 
collected in a beaker and volume was made upto 100 ml. Counting was 
done from the suspension thus obtained as described above. The 
reproduction factor (Rf) was calculated by the formula of Oostenbrink 
(1966) as follows: 
Rf=Pf/Pi 
Where, Pf represents the final population and Pi represents the initial 
population of the nematodes. Throughout these studies each treatment 
was replicated thrice and uninoculated plants served as control. 
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IV. STATISTICAL ANALYSIS: - The data was analyzed statistically 
and significance of results was calculated at 5 and 1% level of probability. 
3.2- Material and method related to management of 
disease complex on castor. 
For the management of disease complex, the bark of ten 
medicinally important plants viz. Neem {Azadirachta indica A. Juss), 
Ashok {Saraca asoca (Roxb.) Wilde), Jamun {Syzygium cumini (LJ 
Skeels), Babul {Acacia nilotica (L.) Willd. ex Delile), Mango ( Mangifera 
indica L.), Amla {Phyllanthus emblica Linn.), Eucalyptus {Eucalyptus 
citriodora), Arjuna {Terminalia arjuna), Bottle brush {Callistemon 
lanceolatus (Link) DC), and Tamarind {Tamarindus indica L.) was 
selected. The bark was selected in autumn after they had shed their leaves 
as this is the time of year when the flow of sap is maximum and bark is 
radially detached from the wood. Care was taken to collect the bark from 
the branches instead of main trunk and it was stripped off longitudinally 
at a selected portion and not all around the circumference of the trunk or 
branches. After collection, the barks were separately dried in an oven at 
80 "C temperature for about 12 hours. Thereafter, the barks were cut into 
small pieces and finally grounded into powder using electric grinder. 
Later, the bark powder of each plant was thoroughly mixed in the already 
autoclaved soil @ 50 g/kg soil. Each pot was filled with 4 kg bark 
amended soil in earthen pots of 10" size. The soil was watered as and 
when required and left as such for two weeks (waiting period) to allow it 
to decompose completely into the soil. The seeds of castor were surface 
sterilized with 0.1% HgCl2 solution and 5 such seeds were sown in each 
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pot. After their germination, thinning was done so as to maintain one 
healthy seedling per pot. Two week old, well established and healthy 
seedlings were inoculated with root-knot, (M incognita) and reniform, 
(R. reniformis) nematodes. Unamended and uninoculated as well as 
unamended and inoculated plants served as control. Nematodes were 
inoculated into the soil as mentioned earlier in the inoculation technique. 
Pots having amended soil were inoculated with test pathogens i.e., 
Meloidogyne incognita and Rotylenchulus reniformis. The pots were 
watered judiciously as and when required so as to get the complete 
decomposition of the bark components in the soil. The experiment was 
run for 4 months and after that the plants were uprooted and brought into 
the lab for observation and recording of data. 
The improvement in plant growth parameters was studied and 
corripared with the control. The plant growth parameters studied included 
length of root and shoot, dry weight and yield/plant. For both the 
nematodes viz Meloidogyne incognita and Rotylenchulus reniformis, the 
multiplication rate was determined by calculating the reproduction factor, 
Rf (Rf = Pf/Pi, where Pf is the final population and Pi is the initial 
population of the nematode), (Oostenbrink, 1966). 
45 
^ 
CUdpter 4 
J 
CHAPTER-4 
RESULTS 
4.1 Effect of different inoculum levels of Rotylenchulus reniformis on 
the growth parameters of castor: 
The data presented in Table-1 & Fig. ]. clearly indicated that in the 
presence of Rotylenchulus reniformis, the plant growth parameters i.e., 
length, dry weight and seed weight of castor plants were significantly 
reduced and it was directly proportional to the inoculum level except in 
length at 500 immature females(IF)/kg soil where there was a slight 
increase in the length of plants. However, this increase in length was 
found to be statistically insignificant. Results were quite significant at 
higher inoculum levels. Inoculation of plants with 1000, 2000, 4000, 
6000, and 8000 immature females of/?, reniformis resulted in 13.1. 22.8, 
35.0, 39.6 and 46.8 percent reduction in length respectively. 
The dry weight of castor plants also showed a corresponding 
decrease with an increase in the inoculum level. Percent reduction in the 
total dry weight at 500, 1000, 2000, 4000, 6000 and 8000, levels was 
found as 3.3, 16.6, 26.4, 38.8, 42.4 and 49.2 respectively. 
Similarly, the seed weight showed a direct correlation between 
inoculum level and percent reduction. The percent reduction was 
recorded as 3.8, 20.6, 29.4, 43.2, 45.7 and 51.7 at 500, 1000, 2000, 4000, 
6000 and 8000 of inoculum level, respectively. Moreover, there was no 
significant reduction in dry weight and yield of castor at 500 IF/kg soil. 
There were no significant difference in all the plant growth parameters 
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i.e., length, dry weight and seed weight between 4000 and 6000 inoculum 
levels. 
4.2 Effect of different inoculum levels of R. reniformis on nematode 
multiplication: 
The final nematode population of R. reniformis was highest (i.e., 
29785) in and around plants inoculated with 8000 IF/kg soil and lowest 
(i.e., 5832) in and around plants inoculated with 500 IF/kg soil. A 
significant linear relationship appeared between the initial (Pi) and final 
population (Pf). The maximum reproduction factor was found as 11.6 at 
the lowest i.e., 500 inoculum level and the minimum was 3.7 at the 
highest inoculum level i.e., 8000. Thus, the multiplication rate of the 
pathogen showed a decreasing trend in the population build up of the 
nematode with an increase in the inoculum levels and suggesting it to be 
a density dependent phenomenon. However, at other inoculum levels i.e., 
1000, 2000, 4000 and at 6000, the reproduction factor of R. reniformis 
was recorded as 9.5, 8.4, 7.2 and 4.5 respectively. (Table-2 & Fig. 2). 
4.3 Effect of different inoculum levels oi Meloidogyne incognita on the 
growth parameters of castor: 
The data presented in Table-3 & Fig. 3, clearly showed that in the 
presence of test pathogen, M incognita, all the plant growth parameters 
i.e., length, dry weight and seed weight were reduced significantly at and 
above 2000 J2 of root-knot nematode. Moreover, no significant difference 
in plant growth parameters was found at lower inoculum levels i.e., 500 
and 1000 J2/pot. 
Inoculation of plants with 500, 2000, 4000, 6000 and 8000 second stage 
juveniles of root-knot nematode, M incognita resulted in 2.8, 14.4, 22.2, 
28.4 and 31.7 percent reduction, respectively in the length of castor 
plants. However, it was also noted that at 1000 J2/pot inoculation, there 
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was a slight increase in the length of plants but this increase was found to 
be insignificant. 
The dry weight of castor plants also exhibited a corresponding 
decrease with an increase in all the inoculum levels except at 500. The 
percent reduction in total dry weight at 1000, 2000, 4000, 6000 and 8000 
J2/kg soil, was found as 2.9, 16.0, 25.6, 31.2 and 34.4 respectively. 
However, at 500 inoculum level, again a slight increase in dry weight of 
plants was observed, but this increase was found to be statistically 
insignificant over control. 
Similarly, a direct correlation between the inoculum level and 
percent reduction in seed weight was observed. It was found that at all the 
inoculum levels i.e., 1000, 2000, 4000, 6000 and 8000, there was an 
increase in percent reduction recorded as 3.7, 19.7, 28.5, 34.4 and 38.3 
respectively except at 500 inoculum level, where there was a slight 
increase in the weight of seeds as compared to control. 
However, no significance difference was found in percent 
reduction in plant dry weight and seed weight between 4000 and 6000 
inoculum level and also between 6000 and 8000, whereas, similar trend 
was found in length also as it showed insignificant percent reduction 
between 6000 and 8000 inoculum level. 
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4.4 Effect of different inoculum levels of M. incognita on nematode 
multiplication and number of galls: 
The final nematode population of M incognita was as high as 
23,215 in and around plants inoculated with 8000J2/kg soil, while it was 
minimum at 500 inoculum level. The reproduction factor (Rf) of M 
incognita was found as 9.0, 7.8, 7.0, 4.8, 3.5 and 2.9 at 500, 1000, 2000, 
4000, 6000 and 8000 Ijlkg soil inoculum levels, respectively. Thus, 
maximum reproduction factor was found to be 9.0 at the lowest i.e., 500 
h inoculum level and the minimum was 2.9 at the highest inoculum level 
i.e., 8000J2/kg soil. In this case also, the multiplication rate of the 
pathogen showed a decreasing trend in population build of the nematode, 
with an increase in the inoculum level and thus suggesting it to be a 
density dependent phenomenon. The number of galls also significantly 
increased with an increase in the inoculum level. It was recorded as 25, 
38, 54, 71, 84 and 108 galls/root system at 500, 1000, 2000, 4000, 6000 
and 8000 J2/kg soil inoculations. The minimum was 25 at 500 J2/kg soil 
and maximum as 108 at 8000 J2/kg soil (Table-4 & Fig. 4). 
4.5 Effect of individual, concomitant and sequential inoculations of 
Rotylenchulus reniformis and Meloidogyne incognita on the plant 
growth parameters of castor. 
It is evident from Table-5 & Fig. 5, that the plant growth was 
greatly reduced when the plants were inoculated with Rotylenchulus 
reniformis with inoculum level as 1000 immature females (IF)/kg soil as 
compared with Meloidogyne incognita at 2000 hi kg soil. The percent 
reduction in presence of reniform nematode was recorded as 16.5, 19.3 
and 23.7 for length, dry weight and yield respectively over control. On 
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the other hand, it was comparatively lower and was recorded as 12.3, 15.0 
and 18.0 for length, dry weight and yield respectively when the plants 
received the inoculation oi Meloidogyne incognita. 
"» However, in the combined inoculation oi Rotylenchulus reniformis 
along with Meloidogyne incognita, the percent reduction in plant growth 
was further aggravated as compared to individual inoculations of 
Meloidogyne incognita and Rotylenchulus reniformis. It was indicated as 
38.8, 44.2, and 51.5 for length, dry weight and yield respectively due to 
synergistic association between nematodes. 
Sequential inoculation of M incognita preceded by R. reniformis 
(after 20 days) showed a percent reduction in plant growth as 35.6, 40.3 
and 49.4 in length, dry weight and yield respectively again indicating a 
synergistic interaction between the nematode species. Percent reduction 
was comparatively lesser than concomitant inoculation of both the 
nematode species. In the sequential inoculation oiR. reniformis preceded 
by M. incognita (after 20 days) the percent reduction was recorded as 
29.2, 34.8 and 42.6 in length, dry weight and yield respectively that 
indicated an additive interaction between the nematode species. However, 
in the sequential inoculation of R. reniformis 20 days prior to M. 
incognita on castor plants showed lesser reduction in plant growth 
parameters as compared to concomitant (M incognita + R. reniformis) 
and sequential inoculation of M. incognita followed by R. reniformis at 
the interval of 20 days. 
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Percent reductions among all the treatments i.e.,, whether 
individual, concomitant or sequential inoculations of the test pathogens 
was found to be statistically significant except between the concomitant 
treatment of Meloidogyne incognita and Rotylenchulus reniformis, and 
sequential inoculation of M incognita followed by R. reniformis, where 
there was no significant differences in the seed weight of castor. 
4.6 Effect of individual, concomitant and sequential inoculations of 
Rotylenchulus reniformis and Meloidogyne incognita on nematode 
multiplication and number of galls on castor: 
The reproduction factor of both the nematode species 
(Meloidogyne incognita and Rotylenchulus reniformis) was significantly 
reduced in concomitant and sequential inoculation of Meloidogyne 
incognita and Rotylenchulus reniformis as compared to individual 
inoculation of either of the nematode species. The highest reduction in 
reproduction factor (Rf = 4.2) of root-knot nematode was recorded in the 
sequential inoculation of R. reniformis followed by M incognita after 20 
days. The reproduction factor however was, increased (Rf=5.2) in 
concomitant inoculation (R. reniformis+M. incognita) and it flirther 
increased (Rf=5.8) in the sequential inoculation of M incognita followed 
by R. reniformis (5.8) after the interval of 20 days. Moreover, there was 
no significant difference in the Rf of root-knot nematodes between the 
concomitant treatment of M incognita and R. reniformis (Mi + Rr) and 
M incognita followed by R. reniformis after 20 days (Mi -^ Rr). 
Similarly, highest reduction in reproduction factor (Rf) of reniform 
nematode, Rotylenchulus reniformis was recorded as 4.93 in the 
sequential inoculation of Meloidogyne incognita followed by 
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Rotylenchulus reniformis (Mi-^Rr) after 20 days. In the simultaneous 
inoculation of M. incognita and R. reniformis i.e., (Mi + Rr) the 
reproduction factor was found as 6.85, whereas, in the sequential 
inoculation ofR. reniformis followed by M. incognita (Rr—>Mi) the value 
of Rf was 7.65. The reduction in the reproduction factor of R. reniformis 
was significantly reduced in all the corresponding treatments. 
It was interesting to note that the multiplication of both the 
nematode species was mutually inhibited by each other and moreover, M. 
incognita was found to be more competent than Rotylenchulus reniformis. 
The number of galls/root system was significantly reduced in 
concomitant and sequential inoculations of M incognita and R. 
reniformis as compared to individual inoculation of M. incognita. The 
number of galls/root system was found to be maximum (67) in individual 
inoculation of M incognita. In sequential inoculation of Mi^'Rr, it was 
indicated as 60, while in Mi+Rr was found as 55. The minimum was 
recorded as 46 in sequential inoculation oi R. reniformis preceded by M. 
incognita (Rr-^Mi) after 20 days (Table-6 & Fig. 6a & 6b). 
4.7 Effect of ten selected barks on plant growth parameters of castor 
{Ricinus communis L.) in the presence of concomitant inoculation of 
Meloidogyne incognita and Rotylenchulus reniformis. 
The data presented in Table-7 & Fig. 7, clearly indicated that in the 
concomitant inoculation of Meloidogyne incognita and Rotylenchulus 
reniformis, both the species multiplied freely on castor plant in the 
untreated pots and caused significant reduction in length, dry weight and 
yield of castor plants as 44.6, 49.8 and 55.5 respectively as compared to 
the control (untreated+unamended). All the amendments with bark of the 
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10 selected plants viz. Neem {Azadirachta indica A. Juss), Ashok {Saraca 
asoca (Roxb.) Wilde), Jamun (Syzygium cumini (L.) Skeels), Babul 
{Acacia nilotica (L.) Willd. ex Delile), Mango (Mangifera indica L.), 
Amla {Phyllanthus emblica Linn.), Eucalyptus {Eucalyptus citriodora), 
Arjuna {Terminalia arjuna), Bottle brush {Callistemon lanceolatus (Link) 
DC), and Tamarind {Tamarindus indica L.) into the soil, it was observed 
that some barks were highly effective and they greatly reduced the 
nematode infection and multiplication of Meioidogyne incognita and 
Rotylenchulus reniformis. Whereas, rest of the barks did not show any 
significant effect on the reduction of disease severity. The four barks of 
the plants viz., neem, ashok, jamun and babul had quite an evident 
suppressant effect on nematode infection and their population as it is 
clearly indicated in Table-7 & Fig. 7, and it was also found to be 
significant statistically. The highest improvement in plant growth 
parameters (i.e., length, dry weight and yield) was noticed in the plant 
amended with neem bark followed by ashok, jamun and babul as 
compared to that of inoculated unamended control. The percentage 
reduction in plant growth parameters i.e., length, dry weight and yield as 
compared to unamended and inoculated control was recorded as 27.4, 
30.7 and 34.6 for plant length, dry weight and yield respectively in the 
plants amended with neem bark. The ashoka bark proved to be the second 
most effective organic additive in improving the plant growth parameters 
as its percent reductions were little higher than that caused by neem bark 
and were recorded as 31.0, 34.9 and 38.3 for plant length, dry weight and 
yield respectively. The jamun bark also caused significant improvement 
in plant growth parameters, however, the percent reductions were slightly 
higher than that was found in soils where neem and ashoka barks were 
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used as organic additives. The percent reductions were recorded as 34.7, 
39.4 and 43.6 respectively for plant length, dry weight and yield 
respectively in the presence of jamun bark. The lowest significant 
improvement in plant growth parameters viz., length, dry weight and 
yield was recorded as 39.8, 44.9 and 48.4 respectively in the plants 
amended with babul bark. The improvement in the plant growth 
parameters of castor was noticed as a result of addition of these organic 
additives. It was interesting to observe that there were significant 
differences in plant growth parameters among the amendments of soil 
with barks of neem, ashok, jamun and babul except in between the 
amendment of soil with neem and ashok bark where there was no 
significant reduction in plant length. 
However, there was no significant variation in plant growth 
parameters in the plants grown in soils amended with remaining six barks 
viz., mango, amla, eucalyptus, arjuna, bottle brush and tamarind as 
compared to unamended inoculated plants. 
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Fig. 5. Effect of individual, concomitant and sequential inoculation of 
Rotylenchulus reniformis and Meloidogyne incognita on 
plant growth parameters of castor {Ricinus communis L.) 
Mi = Individual inoculation of Meloidogyne incognita 
Rr = Individual inoculation of Rotylenchulus reniformis 
Mi + Rr = Concomitant inoculation of M incognita and R reniformis 
Mi ^^ Rr; Rr -^ Mi = Pre and post inoculations after interval of 20 days. 
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Fig. 6a. Reproduction factor of R. reniformis in individual, 
concomitant and sequential inoculation levels of Rotylenchulus 
reniformis and Meloidogyne incognita on castor (Ricinus 
communis L.) 
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Fig. 6b. Reproduction factor and number of galls of M incognita in 
individual, concomitant and sequential inoculation of 
Rotylenchulus reniformis and Meloidogyne incognita on castor 
{Ricinus communis L.) 
Mi = Individual inoculation of Meloidogyne incognita 
Rr = Individual inoculation of Rotylenchulus reniformis 
Mi + Rr = Concomitant inoculation of M incognita and R. reniformis 
Mi -^ Rr; Rr —> Mi = Pre and post inoculations after interval of 20 days. 
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4.8 Effect of barks of some medicinally important plants on the 
population of Meloidogyne incognita and Rotylenchulus reniformis 
infecting castor {Ricinus communis L.). 
The data presented in table-8 & Fig. 8a & 8b, clearly indicated that 
multiplication rate of Meloidogyne incognita and Rotylenchulus 
reniformis was greatly reduced in the amended pots as compared to the 
inoculated and unamended control. The highest reduction in the 
reproduction factor (Rf) of both the nematode species was observed in 
case of plants where neem bark was used followed by ashoka, jamun and 
babul barks. The greatest reduction in reproduction factor (Rf) value of 
both the nematode species viz., Rotylenchulus reniformis and 
Meloidogyne incognita was recorded as 3.08 and 2.68 respectively in 
case of pots amended with neem bark as against unamended and 
inoculated control where Rf was 7.52 and 6.43 respectively for two 
nematode species. Similarly, the Rf of i?. reniform and M incognita was 
recorded as 3.67 and 3.34, 4.25 and 4.0, and 5.16 and 4.86 in the plants 
grown in soil amended with bark of ashoka, jamun and babul 
respectively. The similar trend was also found in the reduction of number 
of galls. It was indicated as 38, 46, 50 and 54 in the corresponding 
treatments i.e., amendments with barks of neem, ashoka, jamun and babul 
as against 72 galls/root system in unamended inoculated plants. 
Moreover, there were no significant differences in the number of 
galls/root system between the treatments of soils amended with the barks 
of ashoka and jamun, and jamun and babul. Rest of the barks did not have 
any significant effects on the nematode multiplication and reproduction 
factor as they caused more or less same damage as that of control. 
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Fig. 7. Efficacy of ten selected plant barks in the management of 
disease complex on castor {Ricinus communis L.)caused by 
concomitant inoculation of R. reniformis and M. incognita 
(Rr+Mi) 
T1 = Control 
T2 = Mi + Rr 
T3 = Amia bark + (Mi+Rr) 
T4 = Arjuna bark + (Mi+Rr) 
T5 = Ashok bark + (Mi+Rr) 
T6 = Babul bark + (Mi+Rr) 
T7 = Bottle bursh bark + (Mi+Rr) 
T8 = Eucalyptus bark + (Mi+Rr) 
T9 = Jamun bark + (Mi+Rr) 
T10 = Mango bark + (Mi+Rr) 
T11 = Neem bark + (Mi+Rr) 
T12 = Tamrind bark + (Mi+Rr) 
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Fig. 8a. Efficacy of ten selected barks of medicinally important plants 
on the RfofR. reniformis. 
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Fig. 8b. Efficacy of ten selected barks of medicinally important plants 
on the Rf of M incognita and gall formation. 
T1 = Ml + Rr T7 = Eucalyptus bark + (Mi+Rr) 
T2 = Amia bark + (Mi+Rr) T8 = Jamun bark + (Mi+Rr) 
T3 = Arjuna bark + (Mi+Rr) T9 = Mango bark + (Mi+Rr) 
T4 = Ashok bark + (Mi+Rr) T10 = Neem bark + (Mi+Rr) 
T5 = Babul bark + (Mi+Rr) T11 = Tamrind bark + (Mi+Rr) 
T6 = Bottle bursh bark + (Mi+Rr) 
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Cfutpter 5 
A 
CHAPTERS 
DISCUSSION 
Discussion has been dealt separately for different experiments as 
5.1- Discussion related to pathogenicity, 5.2- Discussion related to 
interaction and 5.3- Discussion related to management of disease 
complex. 
5.1- Discussion related to the pathogenicity'. 
In the soil ecosystem, the roots of plants are exposed and 
encountered with a variety of soil micro flora and fauna which include 
fungi, bacteria, viruses and nematodes etc. All the micro-organisms, 
occupying the same ecological niche have an impact on plant life and at 
the same time they act and counteract with each other's life as well. 
Pathogens generally are capable of attacking susceptible hosts and 
producing particular type of symptoms associated with a particular type 
of disease. Among these, nematodes are seen as one of the most common 
type of pathogen present in soil arena. Losses caused by nematodes are 
apparent and enormous and when these are in association with other 
pathogens, at times it becomes completely devastating. In the present 
work main emphasis has been given on nematode-nematode interaction. 
{Oostenbr'mk et ai, 1956; Thome, 1957; Chapman, 1959; Santo and Lear, 
1976; Kaplan and Timmer, 1982, Griffin, 1985). 
These studies have completely changed the concept from 
monopathogenic to multipathogenic disease. During the course of 
investigation, the castor crop was found to be heavily infested with the 
root-knot and reniform nematode, viz., Meloidogyne incognita and 
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Rotylenchulus reniformis. It was also noticed that the population of 
Rotylenchulus reniformis, was quite high as compared to that of 
Meloidogyne incognita. It was interesting to observe that when the two 
nematodes cohabited, there was a great reduction in plant growth 
parameters and multiplication of nematodes, resulting in a disease 
complex. The plausible explanation for this may be due to the fact that 
the presence of one nematode might have paved the way for entry of the 
other one and thus resulting in different types of interaction between them 
leading to disease complex. This particular observation, evoked interest 
to study the problem on castor plants and thus determining whether the 
formation of a disease complex was really incited by interaction between 
pathogens or was just an environmental effect. 
For studying pathogenicity and to determine the inoculum 
threshold, the seedlings of castor were separately inoculated with 
different inoculum levels of each nematode species, viz., M. incognita and 
R. reniformis (500, 1000, 2000, 4000, 6000 and 8000 nematode 
specimens/kg soil). There was no significant variation in plant growth 
parameters in the lowest inoculum level of reniform nematode but it was 
clearly found that percent reduction in plant growth gradually increased 
with an increase in the inoculum level and that was found statistically 
significant. However, on the other hand, no significant variation in plant 
growth parameters were recorded at 500 and 1000 second stage juveniles 
of M incognita. Moreover, the significant reduction in plant growth 
parameters was recorded at and above 2000 h of M incognita. The 
results clearly indicated that plant gro\A4h reduction was directly 
proportional to the increase in inoculum levels of test pathogens. The 
reniform nematode, R. reniformis was more damaging than M. incognita. 
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Similarly, the rate of multiplication of each nematode species decreased 
with the increase in inoculum level. (Table- 1-4). During multiplication, 
the root surface area remained the same at all inoculum levels and, the 
number of nematodes at high inoculum densities created competition 
among nematodes leading to their death and reduced multiplication. The 
high rate of multiplication at low inoculum levels, on the other hand, 
could possibly be due to the positive factors like abundance of food, lack 
of competition for food and space and the ability of host to support these 
levels of population. The progressive decrease in plant growth and 
nematode multiplication with increasing inoculums of nematodes has also 
been reported by various workers. (Chapman, 1959; Oostenbrink, 1966; 
Dhawan and Sethi, 1976; Gupta and Yadav, 1979; Saleem and Eissa, 
1981; Thakar and Yadav, 1985; Dalai and Bhatti, 1996; Pathak et al., 
2000; Khan and Ashraf, 2005; Khan et al, 2006.) 
On the basis of these results, it can be concluded that the inoculum 
threshold level of reniform nematode and root-knot nematode was 1000 
immature females (IF) and 2000 J2/kg soil, respectively. These levels of 
inoculum were therefore, used for investigation related to interaction and 
management of both the nematode species. 
The pathogenic level of M. incognita has also been reported as 
2000 j2/plant by various workers on different crops (Mani and Sethi, 
1984; Khan and Ashraf, 2005) and that is in agreement with present 
results on castor crop. 
Similarly, the pathogenic level of R. reniformis has also been 
reported as 1000 specimens per plant by various scientists on different 
crops (Patel et al. 2004; Ramakrishna and Rajendran, 1999; Ali et al. 
1998). Ismail and Alam (1975) and Tyagi et al. (1989) also reported the 
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inoculum threshold level of R. reniformis as 1000 IF/kg soil for castor 
and pigeon pea. These results are in consonance with my results where 
also inoculation of plants with 1000 IF/ kg soil was the minimum 
damaging threshold level for the crop. However, Khan and Dar, (2002) 
established that 2000 IF/kg soil of R. reniformis was the inoculum 
threshold level for broccoli. 
5.2-Discussion related to interactions. 
The two test pathogens i.e., R. reniformis and M incognita caused 
maximum plant damage whether they were inoculated simultaneously or 
sequentially i.e., one followed by the other after an interval of 20 days. It 
was also interesting to note that R. reniformis on castor was more 
damaging than M incognita as suitability of the hosts also plays an 
important role in interaction of species (Khan et al 1986 a,b, 1987). 
The root-knot and reniform nematodes interact, both ecologically 
and etiology. The ecological interaction influences the reproduction 
capacity of the nematodes and etiological interaction alters the 
development of plant diseases. This is due to the fact that nematodes 
rarely occur in monospecific communities (Oostenbrink, 1966) and 
therefore, they may interact with each other to alter the course of the 
disease (Duncan and Ferris, 1982, 1983) caused by both nematodes is less 
than the combined effect of each species alone, the interaction is negative 
(antagonistic); if it is more, the interaction is positive (synergistic); and if 
it remains the same, then there is no interaction. (Burrows, 1987; 
Wallace, 1983). In my experiments related to interactions, most of the 
findings showed a significant synergistic association between the two test 
nematodes. 
73 
The results related to interaction and its effects on plant growth 
parameters clearly indicated that all the three growth parameters i.e., 
length, dry weight and yield were significantly reduced when the plants 
received the inoculation of individual nematode. However, R. reniformis 
was found to be more damaging to the growth of plants than M 
incognita. The reason for this may be attributed to the fact that suitability 
of the host has a significant role in causing a disease. As R. reniformis is 
a suitable host for castor as compared to M. incognita which has been 
reported to be an average host (Ismail and Saxena, 1980), the difference 
in percent reduction of plant growth parameters caused by both the 
nematode species was quite evident. 
In concomitant inoculation, however, the percent reduction in plant 
growth parameters was found to exceed than the sum of reductions by 
both the nematodes inoculated alone, and that is why it may be 
established that there was a synergistic (positive interaction) association 
between the nematodes and this association vs^ as significant also. 
In sequential inoculation, when M. incognita was inoculated prior 
to R. reniformis ( 20 days before ), again there was a significant reduction 
in all the plant growth parameters (length, dry weight and seed 
weight/plant) and that was more or less same as the concomitant 
inoculation. The association between two nematodes also had a positive 
interaction (synergistic). 
However, in the sequential inoculation where R. reniformis was 
inoculated before M. incognita (20 days before) the percent reduction in 
plant growth parameters was less as compared to concomitant (Mi+Rr) 
and sequential inoculation (Mi-^Rr). Therefore, it may be concluded that 
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in this type of sequential interaction (Rr—>Mi), there was an additive 
interaction between the two test nematodes. 
Positive interactions of different nematodes on different plant 
species has also been reported earlier between Meloidogyne incognita, 
Pratylenchuls penetrans, and Tylenchorhynchus agri on creeping bent 
grass (Sikora et al., 1972); M incognita and T. brassicae on tomato 
(Alam et al, 1975); M. incognita and R. reniformis on soyabean (Singh, 
1976) cowpea (Khan and Husain, 1988, 1989) and tomato (Khan, et al. 
1984) 
There are reports available on interaction between root-knot and 
reniform nematode stating that interaction can be suppressive for either or 
both nematode species (Singh, 1976; Kheir and Osman, 1977; Taha and 
Kassab, 1979; Mishra and Gaur 1981a). For instance, in simultaneous 
inoculation on soyabean, M. incognita suppressed R. reniformis but was 
not itself affected (Singh, 1976). Similar results were obtained on black 
gram (Mishra and Gaur, 1981a) but on grapevine seedlings, the two 
species were mutually antagonistic although M incognita was little more 
competitive over time (Rao and Sheshadri, 1981), but Kheir and Osman 
(1977), on the other hand, found that R. reniformis reduced the 
multiplication rate of M incognita except when the initial inoculum of M 
incognita was significantly high. Taha and Kassab (1979, 1980) observed 
that R. reniformis initially inhibited M. javanica but was less competitive 
over time. 
In my experiments, when the seedlings received the treatment of 
both root-knot and reniform nematodes simultaneously, the population of 
each nematode species was mutually inhibited, but M incognita was 
slightly more competitive. 
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There are various reports available explaining the reduction in 
population of nematodes resulting from concomitant inoculations (Ross, 
1964; Estores and Chen, 1970; Chapman and Turner, 1975; Sharma and 
Sethi, 1976; Griffin and Waite, 1982; Jensen and Jatala, 1983; Pathak et 
al. 1985). Since, castor plant is highly susceptible to R. reniformis and 
moderately susceptible to M incognita and the seedlings at the time of 
inoculation were quite young, it led to the possibility of aggregation and 
compaction of second stage juveniles of M. incognita and immature 
females of/?, reniformis in a very limited space on the host root, and thus 
hampered their proper establishment and penetration. Consequently, there 
was a decrease in the initial nematode population either due to 
competition or antagonism between the two nematodes. The population 
after sometime did not remain the same with which the seedlings were 
inoculated. This could be the possible reason for reduced multiplication 
of both the nematodes. Another possibility for reduced multiplication of 
nematodes may be the close proximity of their infection site inside the 
plant. The infection site for M incognita being xylem parenchyma 
(Christie, 1936; Bird, 1974) and the endodermis, pericycle and xylem 
parenchyma for R. reniformis. (Heald, 1975; Rebois et al, 1975; 
Brathwaite and Duncan, 1974) and this probably increased the chances of 
exchange of toxic metabolites from one feeding site to the other which 
might have interfered in the establishment of normal host-parasite 
relationship of nematodes. It has been reported that certain plant 
metabolites arrest the development and population build up of nematodes 
(Prassad and Shetty, 1974). 
The percent reduction in the reproduction factor in R. reniformis 
was more pronounced as compared to M. incognita. Production of certain 
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plant growth regulators (lAA and IBA) produced by M incognita, might 
also have played same role in the reduced multiplication ofR. reniformis. 
Auxins synthesized in one tissue are known to be easily translocated to 
the other parts of the plant (Meyer et al. 1966). The abnormally high 
amount of lAA and proteins (Owens and Novotny, 1960; Owens and 
Specht, 1966) as well as accumulation of certain mineral elements 
(Dropkin and King, 1956; Maung and Jenkins, 1959) in root-knot 
infected plants could also be responsible for inhibition in multiplication 
ofR. reniformis. The variation in fecundity and variability of eggs of the 
two nematode species may also account for the difference in their rate of 
multiplication. Number of galls/root system was also significantly 
reduced in concomitant and sequential inoculations as compared to 
individual inoculation of M incognita. 
The experiment related to sequential inoculation, showed that prior 
egtablishment of one nematode species invariably inhibited the 
multiplication of other species. The reduction presumably was due to 
spatial and temporal factors during multiplication of nematodes. The prior 
inoculation with one nematode species might have induced certain 
biochemical and physiological changes in the host plant which were not 
favourable for the other nematode species inoculated subsequently. 
Moreover, the nematode inoculated subsequently also got less time 
for completion of its life cycle. My results are also in accordance with the 
findings of Gay and Bird, (1973); Mclntyre and Miller, (1976); Pinochet 
et al. (1976) and Sharma and Sethi, (1976) and contrary to that found by 
Jatala and Jensen (1976), who observed that prior inoculation of H. 
schachtii on sugarbeet in the green house suppressed M. hapla, but 
previous inoculation of M hapla stimulated H. schachtii multiplication. 
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5.3- Nematode management through the use of botanicals 
(Bark of ten selected medicinal plants was used during the course of 
studies): 
The results presented in Table 7. and fig. 7. clearly showed that the 
concomitant inoculation of Meloidogyne incognita and Rotylenchulus 
reniformis caused significant reduction in growth parameters of castor 
plants. The soil was amended with the bark often test plants viz. Neem 
{Azadirachta indica A. Juss), Ashok (Samoa asoca (Roxb.) Wilde), 
Jamun (Syzygium cumini (L.) Skeels), Babul {Acacia nilotica 
(L.) Willd. ex Delile), Mango (Mangifera indica L.), Amla {Phyllanthus 
emblica Linn.), Eucalyptus {Eucalyptus citriodora), Arjuna {Terminalia 
arjuna), Bottle brush {Callistemon lanceolatus (Link) DC), and Tamarind 
{Tamarindus indica L.) to find out the efficacy of these barks in the 
management of disease complex involving root-knot and reniform 
nematode. It was observed that some barks were highly effective in the 
management of disease complex whereas the rest of the barks had no 
significant effect on disease severity. Out of the ten barks, the four barks 
viz., neem, ashok, jamun and babul were found to be most effective in 
reducing nematode multiplication and gall formation/root system which 
in turn improved the plant growth. Moreover, the efficacy of these 
organic additives of plant origin was found in the order of 
Neem>Ashok>Jamun>Babul. Maximum improvement in plant growth 
parameters (length, dry weight and yield), reduction in nematode 
population and number of galls/root system were recorded in the soil 
amended with neem bark when the plants received the simultaneous 
inoculation of root-knot nematode, M. incognita and reniform nematode. 
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R. reniformis as compared to those plants which were grown in 
unamended and inoculated soils. 
The antagonistic nature of neem was also confirmed by the toxicity 
of its root exudates to plant parasitic nematodes (Alam et al., 1975; 
Siddiqui and Alam 1989). The root exudates also inhibited larval 
hatching of Meloidogyne incognita (Alam et al 1975; Siddiqui and Alam 
1989). The commonly occurring chemicals in neem e.g., Azadiractin, 
Campferol, Nimbin, Nimbdin, Nimbdic acid, quercetin and 
thionemon are thought to be responsible for toxicity of root exudates and 
other plant parts (Khan et al, 1974; Siddiqui 1986). 
The allied species of neem i.e., Melia azadirachta commonly 
known as Persian lihdbakain has also been reported to be highly 
antagonistic to phytophagus nematodes (Siddiqui and Saxena 1987a, b). 
They also obtained a satisfactory control of Meloidogyne incognita and 
Rotylenchulus reniformis on tomato and eggplant and Tylenchorhynchus 
brassicae on cabbage and cauliflower by mixed cropping with Persian 
lilac. The root exudates of this plant were highly deleterious to many 
plant parasitic nematodes and inhibited larval hatching of M incognita 
(Siddiqui and Alam 1989). In a comparative study however, the root 
exudates of Neem was found to be more toxic than that of Persian lilac 
(Siddiqui and Alam 1989). 
However, not much work has been carried out on the utility of 
neem bark and keeping in view of its antagonistic nature it was 
considered worthwhile to carryout the study on the utility of the neem 
bark. The toxic action of bark of neem against M incognita and R. 
reniformis appears to be due to the chemicals present in them. These 
chemicals are either absorbed by the roots or would have acted as an 
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"elicitor'V"activator" by the presence of these chemical factors present in 
the baric powder (Bell, 1981; Giebel, 1982). Kast (1985) also advocated 
the theory of induced defense mechanism and thus mentioned that it has a 
vital role in improving the plant growth. These may be used in integrated 
or biological disease control measures. Siddiqui and Alam (1988) used 
leaf extracts of neem and related species Persian \i\ac/bakain for control 
of root-knot nematode, M incognita and reniform nematode, R. 
reniformis. They found that it caused significant reduction in the 
penetration of root-knot nematode and subsequent root galling and the 
population build up of reniform nematode on tomato and eggplant. All 
these let to an overall improvement in plant growth. The possible 
explanation for this was also in accordance with Bell, 1981 and Giebel, 
1982. 
The bark of ashok tree was found to be second most effective 
controlling measure against Meloidogyne incognita and Rotylenchulus 
reniformis. Its bark is dark brown to grey in color with warty surface. 
Tannin (6%), catechol, an essential oil, haematoxylin, a ketosterol 
(m.p., 25°c), a crystalline glycosidal constituent, a saponin (CioH2iO]4) 
and an organic iron compound have been earlier reported in the bark 
(Anonymous, 2003). The presence of a powerful oxytocic principle 
(phenolic glycoside P2) in the bark has been recently reported. Alcoholic 
extracts of the bark is reported to be active against a wide range of 
bacteria, and aqueous extracts has been found to enhance the life span of 
mice infected with carcinoma (Anonymous, 2003). The effective role of 
ashoka in the nematode management must be attributed to the chemical 
composition of its bark. The bark contains certain chemicals which 
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proved to be antagonistic to both the nematode species and thus thereby 
improving plant growth in the same manner as was done by neem bark. 
As far as jamun bark is concerned, it proved to be the third best 
amendment against nematode management after neem and ashoka. The 
efficacy of jamun was found to suppress the population of plant parasitic 
nematodes and improvement in the growth of tomato cv. Marglobe when 
the soil was treated with the chopped plant leaves (Alam, 1987). Similar 
resuhs have also been found in suppressing the population of plant 
parasitic nematodes when the soil was amended with chopped floral plant 
parts ofSyzygium cumini (Haseeb and Alam 1984). 
Extracts of the bark, stems, leaves, buds and flowers of Syzygium 
cumini also possess moderate antibiotic activity against Micrococcus 
pyogenes var. aureus. An extract of leaves also showed moderate activity 
against E. coli (Anonymous, 2003). Extracts of the bark are toxic to 
Piricularia oryzae and Physalaspora tucumanensis. The chemical 
components of bark are considered to be the possible cause of nematode 
mortality and thus improving the plant growth parameters. 
Babul bark proved to be the forth best amendment for the 
nematode management as it significantly improved the plant growth 
parameters and reduced nematode multiplication rate. Babul bark is 
obtained mainly as a by-product when trees are felled for timber or fuel. 
Several poly phenolic compounds have been reported to be present in the 
bark and those identified are (+) catechin, (-) epicatechin, quercetin, 
gallic acid etc (Anonymous 2003). The polyphenols of the babul bark are 
fungi toxic and it has been shown that the lower molecular weight 
polyphenols are mainly responsible for this activity. This property of the 
81 
nematode management of the babul bark can be attributed to its cliemical 
composition and various kinds of polyplienols present in it. 
The rest of the barks; Mango, Amla, Eucalyptus, Arjuna, Bottle 
brush, and Tamarind were not effective enough as far as improvement of 
plant growth parameters is concerned. They either had no effect or if their 
was some improvement it was so negligible, that statistically it came out 
to be insignificant. It can be therefore concluded that the chemical 
composition of all those barks was no way antagonistic to nematode 
multiplication or even if they were, then only to a little extent. 
The nematode toxic effect of the four barks viz., neem, ashok, 
jamun and babul might be due to the accumulated toxicity of the 
decomposing products (Haseeb and Alam, 1984; Bell, 1981 and Giebel, 
1982) or increase in the predation and parasitic activity of the soil biota 
Alam et ai, 1975; Siddiqui and Alam 1989). It could also be due to 
changed physical and chemical property of soil inimical to the nematodes 
or due to the increased host resistance. Moreover, these organic additives 
should have also served as manures. This type of nematode multiplication 
has an edge over the use of nematicidal chemicals in that it apparently 
would be cheaper, safer, and easier to apply with no risk of pollution and 
thus maintaining the balance of biological ecosystem, making the planet 
worth for human population. In addition to this it would also improve the 
soil structure and fertility. 
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CHAPTER-6 
SUMMARY 
Castor (Ricinus communis L.) is an important non-edible oilseed crop of 
arid and semi-arid regions of India. The crop has been found to be heavily 
infested with the reniform nematode i.e. Rotylenchulus reniformis and the 
root-knot nematode i.e. Meloidogyne incognita manifested in the form of 
a disease complex. The studies related to their pathogenic potential and 
interactions were carried out and the following findings were revealed 
during investigations: 
1. The pathogenic potential of R. reniformis on castor was 1000 
immature females/kg soil while for M. incognita, it was found as 
2000 h^g soil. 
2. The plant growth parameters were significantly reduced with an 
increase in the inoculum level. 
3. The population dynamics also showed a decreasing trend with 
increasing inoculum levels. 
4. During the experiments related to interactions, the inoculum 
threshold for R. reniformis as 1000 IF/kg soil and for M incognita 
as 2000J2/kg soil were used. 
5. There was found a synergistic interaction between the two test 
nematodes in both concomitant (MI+Rr) and sequential 
inoculafions of Mi inoculated 20 days prior to Rr (Mi-^Rr). 
6. However, in the sequential inoculation of R. reniformis 20 days 
prior to M incognita i.e. (Rr—>Mi), the interaction was additive. 
7. The reproduction factor of both the nematodes species (M. 
incognita and R. reniformis was significantly reduced in sequential 
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inoculation as compared to individual inoculation of either of the 
nematode species. 
8. Multiplication of both the nematode species was mutually inhibited 
by each other and moreover, M incognita was found to be more 
competent than R. reniformis. 
9. The number of galls/root system was significantly reduced in 
concomitant and sequential inoculations of R. reniformis and M. 
incognita as compared to individual inoculation of M incognita. 
Management of the disease complex was attempted by the use of 
botanicals (bark of some medicinally important plants). Barks of ten 
medicinally important plants viz. Neem {Azadirachta indica A. Juss), 
Ashok {Saraca asoca (Roxb.) Wilde), Jamun {Syzygium cumini (LJ 
Skeels), Babul {Acacia nilotica (L.) Willd. ex Delile), Mango (Mangifera 
indica L.), Amla {Phyllanthus emblica Linn.), Eucalyptus {Eucalyptus 
citriodora), Arjuna {Terminalia arjuna), Bottle brush {Callistemon 
lanceolatus (Link) DC), and Tamarind {Tamarindus indica L.) were used 
in the form of organic additives during concomitant inoculation of the 
two nematode species(Mi+Rr). The four plant barks, viz., neem, ashok, 
jamun and babul were found to significantly improve the plant growth 
parameters and reduced the nematode population. The efficacy of the four 
barks (neem, ashok, jamun and babul) was in the order of 
neem>ashok>jamun>babul. However, the remaining six barks had no 
significant effect on plant growth improvement and reduction of 
nematode population. 
The use of botanicals instead of chemical and synthetic pesticides 
is making a new era in the nematode management practices and may go a 
long way in creating a safer and more balanced ecosystem. 
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